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1 ARCHAEOLOGY, TIME AND SPACE: CULTURAL 
HOMOGENIZATION AT THE END OF LATE BRONZE 
AGE IN EUROPE? 
 
 
1.1 Introduction 
 
The main goal of archaeological research is to reconstruct social actions in the past from 
a more or less coherent sub-sample of material remains from that past context having 
survived in the present. Our purpose is to understand why someone made something 
somewhere and somewhen. 
In the case of Prehistoric and Protohistoric Archaeology, to attain such a goal, the only 
source of information at our disposal is the archaeological record. Although part of such 
information is lost due to post-depositional processes, our knowledge depends 
exclusively on how we are able to analyze the archaeological deposit, both in the field 
and in the laboratory. 
We must be aware that the sediment alone and the material remains buried in it do not 
give directly a solution to our questions. They are just the data. It is only through 
scientific and statistical analysis that we will obtain answers to our hypothesis. 
In this work our aim is to investigate the causes of space-time distributions of 
archaeological observables. We take for granted that the cause of an observed spatial 
distribution is not “space”, but the nature of social action that generated the precise 
location and accumulation of material evidences at specific places and specific 
moments, and the local circumstances at the moment of the action. If an action A took 
place at some location L, and at some time T, it should be related with the occurrence of 
observed material evidences around L that can be determined were generated at time T, 
but also with observed material evidences located elsewhere, and at T-1 and T+1, to 
explain why A took place where it took place and not in another location and at another 
place (Barceló 2005; Maximiano 2007). 
The proper location of archaeological materials in time and in space is a necessary 
requisite for any archaeological investigation. Nevertheless, although huge advances 
have been made in recent years, precise measuring of time and place are not the norm in 
archaeological research. Time and space concepts are frequently defined in a qualitative 
way by archaeologists. For instance, in the archaeological literature time is often 
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described in a qualitative way using the traditional phases of conventional chronology 
based on typological analysis of human artifacts. Regarding space, the spatial location 
of a site is frequently addressed without any mention to georeferentiation, just a 
toponym. Such an approach does not allow us to analyze the variability of space-time 
distributions of settlements, burials and pottery, among others. 
Therefore, in this work we want to adopt a different focus. Temporal locations are 
defined by the results of the radiocarbon dating with their associated standard errors, 
and dendro-chronological calibration correction. Spatial location, which describes 
where something (such as a collection) is physically located, are defined by geospatial 
coordinates such as latitude and longitude, expressed either in meters (UTM 
coordinates) or in decimal degrees.  
As we are interested in studying historical process in their correct spatial and temporal 
dimensions, we will introduce both separately, and their integration thereafter. The 
definition of the concept of time is not univocal, nor in archaeology, nor in any other 
scientific discipline. Last decades have witnessed a proliferation and diversification of 
theoretical discussions about time and its impact on archaeological interpretation 
(Murray 1999; Bailey 2005, 2007; Lucas 2005; Lock & Molyneaux 2006; Holdaway & 
Wandsnider 2008, Nicolucci and Hermon 2014). What we learn from this debate is that 
time does not exist as an autonomous physical entity, which can be observed, described 
and measured. What exists is the evidence of change. 
It is more or less the same for the notion of space, which is ambiguous in current 
speaking, but also between different scientific disciplines. We can refer to “abstract” 
spaces, “physic” spaces, “social” spaces or even to “archaeological” spaces. Abstract 
space is governed by the principles of mathematical logic. Physical space relates to the 
localization of objects in the real world and the time needed to reach them, what impose 
“distances” among them. Social space is a framework in which the entities are social 
agents which carry on different activities and social actions of production, consumption, 
distribution and reproduction (Bunge 1962; Harvey 1971, 1976, 2003, 2007; Folke 
1972, 1973; Anderson 1973; Santos 1974, 1977, 2000; Sánchez 1981, 1991). 
Archaeological space deals with the localizations of archaeological remains which are 
the material evidences of past social actions (Clarke 1968; Barceló 2001b; Maximiano 
2007). In our research we are going to deal with all these aspects. 
To sum up, when we are referring to an archaeological site, besides the physical location 
of material evidence, we should make reference also to the moment at which someone 
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made something at that particular place. Archaeological sites are formed by the 
intersection of social agents, social actions and natural processes in space and through 
time. Hence, the notion of event or success should be introduced (Barceló 1991, 1993; 
Andresen et al. 1993; Doerr et al. 2003; Mantegari 2010). Events are “not observable; 
they are latent and observed through, but not defined by, noisy data. An “event it thus a 
theoretical construct” (Parnell et al. 2008, p. 1873). As Buck and Millard have noticed: 
in order to measure such events, i.e. to measure the evidences of change, all the methods 
should have a common factor: “they take a collection of dates or temporal relationships 
for a series of individual events and combine them with other information to synthesize 
a chronology which may include the inferred dates of events for which no direct dating 
evidence is available” (Buck & Millard 2004, p. V). 
According to Tobler’s law “everything is related to everything else, but near things are 
more related than distant things” (Tobler 1970). Here we should take the idea of 
“distance” both in its temporal and spatial sense. This principle constitutes a key-
concept in order to explain the spatio-temporal dynamics of any series of events 
archaeological record. 
Before the introduction of absolute dating and georeferentiation several attempts were 
made in order to “quantify” spatio-temporal dynamics in Prehistory. Nelson first 
managed to create chronological types, useful for measuring time (Nelson 1909). 
Through the typo-chronological seriation he selected attributes (shape, decoration, color 
and design of artifacts) that changed through time and across space. Such variations 
were used to measure the temporal duration of events that took place at some specific 
location, like, for instance, the adoption of some pottery decoration (Fig. 1). 
 
Fig. 1- Seriation diagram based on Nelson’s San Cristobal potsherd frequencies 
(Source: Kelly & Thomas 2012). 
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With the introduction of radiocarbon dating at the end of the forties the material 
evidences of social actions started to be measured in a quantitative way. The first 
attempts of quantifying the duration of events summing a group of radiocarbon 
estimates were introduced by Ottaway (Ottaway 1972; Aitchison et al. 1991). The 
author introduced the concept of culture floruit that is the period of time when the 50% 
of artifacts characterizing a specific group of people from a specific geographical area 
(“a culture”) were produced. This can be represented using a frequency distribution of 
the number of characteristic artifacts per unit time (Fig. 2). The floruit of an 
archaeological site can be defined in exactly the same manner (Aitchison et al. 1991). 
 
 
Fig. 2 – Definition of the floruit of a culture (Source: Aitchison et al. 1991). 
 
Nevertheless, human history cannot be reduced to a mere sequence of time intervals 
during which some objects become fashionable or entered in disfavor. As mentioned 
previously, social events (actions) have a location in space and in time. Therefore, a 
proper definition of a historical period (see chapter 4.4) should be expressed in terms of 
the interval of time within which an undetermined number of single events happened. 
Such events should be understood in terms of the occurrence of social actions that were 
performed by someone who produced something somewhere and some-when. In 
general, the duration of an historical period can be estimated in terms of the temporal 
duration of performed social actions. Our interest is to isolate such historical events 
through the detection of discontinuities, which can be measured by radiocarbon dates.  
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1.2 Expansion and movement in archaeology 
 
The idea of expansion allows us to explain the implicit relationship between time and 
space, as expressed in Tobler’s Law, in dynamic (“historical”) terms. We refer to 
expansive phenomena as dynamical systems such that every location at some well 
specified underlying space has a distinctive behavior through time. Our definition 
comes from the mathematical concept of expansivity, which formalizes the idea of 
points moving away from one-another under the action of an iterated function. 
The concept of expansion has been extensively treated in a large variety of fields. In 
physics, expansion is seen as an increase in volume resulting from an increase in 
temperature. Contraction is the reverse process. When heat is applied to a body, the rate 
of vibration and the distances between the molecules composing it are increased and, 
hence, the space occupied by the body, i.e. its volume, increases through time. This 
increase in volume is not constant for all substances for any given rise in temperature, 
but is a specific property of each kind of matter. In business, the term “expansive cycle”, 
referred to periodic changes in the economy, describes the phases of growth and decline 
in an economy. The expansion is a single stage during this process, which include four 
stages: contraction (when the economy starts slowing down). It's usually accompanied 
by a bear market (when the economy hits bottom, usually in a recession), expansion 
(when the economy starts growing again) and peak (when the economy is in a state of 
"irrational exuberance"). 
More related with our research goal is the notion of expansion in geography, usually 
correlated with the notion of directivity. In this domain, expansion refers to a system in 
which a gradient of a scalar field can be detected. Three types of gradient can be 
detected, a spatial gradient, a temporal gradient and a spatio-temporal one. They are 
closely connected; we cannot consider the spatial gradient without the time dimension 
but within it. The variation in space or in time of any quantity can be represented 
graphically by a slope. The gradient represents the steepness and direction of that slope 
and it can be represented by a vector field that points in the direction of the greatest rate 
of increase of the scalar field, and whose magnitude is that rate of increase (Fig. 3). In 
dynamical terms, we may explain the presence of some degree of directivity in spatio-
temporal data in terms of movement, and hence of “expansion”, in the mathematical and 
physical senses of the word. 
  
Fig. 
 
Therefore, the formal conditions for an ex
spatial gradient and directivity, which implies a similarity in neighbor regions, as 
explained in the Tobler’s Law (Tobler 1970). 
Expansive phenomena in historical research have been traditionally related with the
movement of people through space: invasions, migrations, colonizations, and conquests 
what gives the appearance of an expanding population of men and women moving 
through space (and time). In recent times, however, expansive phenomena in historical 
research are not limited to the assumption of population movement but can imply also 
the movements of goods and/or ideas. Therefore, “historical expansions” are not always 
a consequence of movement of people (a demic diffusion) but can be caused also by 
phenomena of cultural diffusion (acculturation) dealing with the “migration” of ideas 
(Prien 2005), knowledge or goods. As soon as time passes, farther places begin to use 
previously unknown goods or ideas, increasing the distance between the place where the 
good or idea appeared for the first time, and the place where it is used anew.
In fact, the discovery of a spatio
radiocarbon estimates can also be related to other social mechanisms like exchange, 
imitation or cultural transmission. It is important to remark that not all spatio
gradients are the result of people movements across space at different moments. In 
particular for early complex societies, besides classic demic diffusion models we should 
also take into account other social mechanisms that may fit better the archaeological 
data we investigate. For instance, trade, acculturation, imitation, transmission, political 
domination (imperialism) or others may be used to explain the spatio
differences or similarities in the adoption of certain cultural features like a particular 
kind of instrument, a pot with distinctive decoration, a new funerary ritual, a new 
economic practice, a new language, a new religion. 
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The term diffusion has been defined as the process in which something new is 
communicated through certain channels over time among the members of a social 
system (Hagerstand 1967; Brown 1981; Rogers 2003). Ideas, practices or objects are 
usually referred as “innovations” when they are perceived as new or different by an 
individual or other unit of adoption. According to Schumpeter (1934), to innovate is to 
introduce something “new” or different by propagating it in an environment, and 
generating irreversibilities in the evolution of this environment. The more complex the 
innovation, the more influence its diffusion process will have on transformation of its 
propagation environment, as effects induced by its adoption will be all the more 
increased.  Diffusion is as well the action as the result of phenomenon of expansion, and 
therefore it is assumed to transmit and propagate through space and time may be not in 
a uniform way, but with some global and unifying pattern, which allows its causal 
explanation. Social expansions in human history should be thus expressed by people, 
goods and/or ideas moves which, whatever their driving force, increased their spatial 
distances jointly. 
Nevertheless, innovations are not necessarily improvements, nor they should be labeled 
positively. One of the shortcomings of diffusion research is its pro-innovation bias 
(Rogers 2003), implying that any innovation should be always diffused and adopted by 
all members of a social system because it is necessarily “better”. Such a bias leads us to 
ignore the study of ignorance about social, economic, cultural and technological change, 
to underemphasize the rejection or discontinuance of change. We should not refer to 
“innovativeness” as a positive characteristic of early adopters, because the adoption or 
rejection is the consequence of social decision, and hence a rational decision weighted 
by the social and economic situation in which it is taken. In fact, innovation is a 
complex process involving numerous and often unidentified factors (Dürrwächter 
2009). 
An innovation should be studied as something that did not existed before, be it better or 
worse than what existed before. We use the words “innovation” and “change” as 
synonyms. ”New” means here “different than what existed before, or what was 
previously unseen” by an individual or another social agent. The adoption of something 
“different” is then an evidence for “change”. Changes in ideas, practices or objects are 
also tightly linked with change in time and in space. Without change in time it is 
impossible to imagine qualitative changes, it is an independent variable of the said 
interaction. There is space only, when the observer does not consider time, that is 
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“dynamics”. And we can speak of time as a generalization of changes and modifications 
in place (Barceló 2005). A pattern existing at one moment of time is the result of the 
operation of processes that have differential spatial impacts. The key aspect is here the 
“location of cultural, social, economic or technological changes”. Location should be 
understood in its spatiotemporal signification. We understand by it, a characteristic of a 
concrete event that defines how the characteristics of the event have changed from state 
01 to state 02 at two different places E1 and E2, and at two different moments of time T1 
and T2. When we discover some regularity across space and time, we may say that there 
is a certain degree of dependence between changes and the adoption of innovations, and 
this dependence, is exactly what gives its appearance of unity to the process of adopting 
the innovation. What we are looking for are the causes of this location, and we are 
trying to explain them in terms of the "influence" that another event located in the 
space-time has on the events located in the proximity. The assumption is that space is a 
system of concrete relations between physical objects and time is some function of 
modifications which are going on in these objects. 
 
But how can we detect expansive processes and adoption of innovations in 
archaeology? 
 
Through the analysis of the remains of social actions carried out in the past and buried 
in the archaeological record, archaeologists try to reconstruct a wide series of 
phenomena like exchange networks, people movements, episodes of colonization, 
among others. For instance, a great effort has been dedicated in recent years to the study 
of one of the most relevant expansive phenomena in human History, i.e. the diffusion of 
agriculture and the process of Neolithization. The so called Neolithic Revolution 
implied the change from a society of hunters-gatherers to a sedentary one based in built-
up settlements whose substance base was mainly composed of agricultural and stock 
farming. Such a discontinuity can be archaeologically detected by the presence of 
domesticated plants, in particular cereals, usually found as macroscopic charred remains 
or identified microscopically through pollens analysis. Such study was introduced at the 
beginning of the seventies by Ammerman and Cavalli Sforza in the paper “Measuring 
the rate of spread of early farming in Europe” (Ammerman & Cavalli-Sforza 1971). 
Analyzing a wide dataset of georeferenced radiocarbon dates the authors suggested a 
model of demic diffusion to understand the sudden apparition of early farmers at 
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different moments and at different places according to a relatively regular gradient. 
According to their model from a point of origin located in the area of Jericho, in the 
Middle East, the agriculture would have expanded to Eastern and the North-Eastern 
territories through several waves of advance. The authors calculated a constant isotropic 
expansion rate of 1km/year. The main cause for explaining such a movement 
traditionally was traced in an episode of demographic growth that would have led to an 
excessive stress on the available resources. Therefore, this increase in the demographic 
pressure would have produced a sort of migration toward territories with a lower degree 
of exploitation. Modern developments of such an approach do not equate exactly demic 
diffusion with migration (Ammerman & Cavalli-Sforza 1984; Gkiasta et al. 2003; 
Russell 2004; Pinhasi et al. 2005; Dolukhanovet al. 2005; Bocquet-Appel et al. 2009; 
Isern et al. 2012). 
The wave of advance model to describe people movement assumes the existence of a 
logistic population growth and a random migratory movement. 
The logistic growth model describes a process that is exponential with an initial growth 
rate α, when the population density ρ (x, y, t) has low values, and it is self-limiting for 
large densities, with a maximum possible density ρmax. The logistic rate of change of the 
population size can be described in the following equation: 
 =  1 − 
 
in which F(ρ) is the variation of the population density over time experienced due to 
population growth, α is the initial growth rate and ρmax is the carrying capacity. 
The migratory process is described by the formula:  = 〈Δ〉/ 
Where ∆ is the displacement of an individual during a time-span T and the symbols 〈… 〉 
indicate average. 
The two assumptions were included in the Fisher model (Fisher 1937), which was first 
created for describing the diffusion of some advantageous genes. The result was the 
developing of the reaction-diffusion equation: 
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A problem related to the application of such a model to sedentary societies, like the 
agricultural ones, is the absence of delay between the end of a migration and the 
beginning of another migration. In fact, in sedentary societies children do not move 
during their childhood until they reach the adulthood and can migrate to create a new 
family. Therefore, it has been proposed to introduce a time-delayed model to describe 
such a process in sedentary societies (Fort & Méndez 1999; Isern et al. 2012). The 
introduction of a time-delayed reaction-diffusion equation implied that slower front 
speed in the wave of advance, due to the effects of the time delay. 
A second problem relates to the assumption of a homogeneous process of diffusion 
taking place in an isotropic space. However, it is relevant to consider that Neolithic 
spread took place in an already inhabited space, whose effects on the rate of spread has 
to be taken into account. 
 
 
1.3 European Bronze Age as a case study 
 
Can the term diffusion be adopted to define processes of adoption of innovation, like the 
introduction of cremation burial and new pottery typologies which took place in the in 
the Bronze Age? These innovations were adopted because they were necessarily 
“better” as they represented improvements? Their adoption or rejection was a 
consequence of a social decision? 
To answer to these and many others questions we need to take into account a time span 
which is long enough to allow us to analyze the emergent space-time gradients. 
The 2nd and the beginning of the 1st millennia BC represent a perfect framework in order 
to test different hypothesis of movement of people, goods, practices and/or ideas.  
We have decided to investigate the period 1800-750 BC. In particular, we want to focus 
to historical events during the last part of this temporal range. A time-span of one 
millennium long is enough to study important changes in historical behavior and culture 
like the introduction of cremation burials, the diffusion of fortified settlements and the 
spread of some specific pottery typologies.1 The end of the temporal interval under 
                                                 
1
 Several pottery typologies are characteristic of the time-span 1800-750 BC. As we are interested in 
modeling their routes of circulation, we looked for typologies with a macro-scale distribution in space 
and a value of time-markers. 
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study is due basically to problems related to the radiocarbon curve, and precision of 
chronological estimates, as explained in the details in the chapter 4.3.2.1. 
The geographic area under study encompasses a large territory from the Ebro to the 
Danube River (Fig. 4). It includes Eastern Iberian Peninsula with the Autonomous 
Communities of Catalonia, Aragon (Provinces of Huesca and Zaragoza), Navarre and 
the Basque Country; southern France including from west to east the regions of 
Aquitaine, Midi-Pyrénées, Languedoc-Roussillon, Limousin, Auvergne, Burgundy (only 
the departments of Côte-d'Or, Nièvre and Saône-et-Loire), Rhône-Alpes, Provence-
Alpes-Côte d’Azur, Franche-Comté, Alsace; northern Italy (regions of Aosta Valley, 
Piedmont, Lombardy, Trentino/Alto Adige-Südtirol, Veneto, Friuli Venezia Giulia, 
Liguria, Emilia Romagna and Tuscany; the entire territory of Switzerland, as well of 
Austria, and the southern part of Germany  with the states of Baden-Württemberg and 
Bavaria (Lower Franconia, Upper Franconia and Middle Franconia not included). The 
geographic extension of such an area is of 525090.51 km². In some specific case, we 
have decided to make reference to territories and sites located outside this area. In such 
circumstances we have discussed case by case the reason for those choices. 
 
 
Fig. 4 - Analyzed geographic area. 
 
We have limited our study to such geographical region for practical reasons, and not for 
any specific historical phenomenon characteristic of the area. Our study area 
corresponds to the north-western part of the Mediterranean basin which experimented 
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influences from Eastern Mediterranean cities through marine network routes and where 
contacts with the Central Europe through continental routes are archaeologically 
evident. Moreover, the area includes two important geographic barriers, the Pyrenees 
and the Alps, which never constituted a barrier in a social or economic sense. 
Historically, most of the area under study corresponds partially to the territory of 
distribution of the so called Urnfield culture archaeological complex, which is one of 
the more characteristic phenomena in European Late Bronze Age (see chapter 3.3).  
As mentioned previously, in the time span 1800-750 we can detect several phenomena 
of introduction of innovation. The main one is perhaps the introduction of iron 
metallurgy over a wide scale. We are aware that in Central Mediterranean iron was used 
for prestigious ornaments since the Middle Bronze Age2, but it is in the Late Bronze 
Age-Early Iron Age transition that it is attested an increase of iron for objects. It become 
of common use only during the so called Iron Age. We would have liked to study the 
diffusion of iron in Protohistoric Europe, regrettably the very small amount of contexts, 
most of which not radiocarbon dated, do not allow to analyze such an innovation, which 
were probably part of the trade of prestigious objects from the Eastern to the Western 
Mediterranean (Giardino 1995, 2005, 2011). Moreover, the common use of iron 
coincides in time with the so called Hallstatt disaster with the related problems in the 
reliability of radiocarbon estimates, which are discussed in chapter 4.3.2.1. 
As a consequence, we have decided to analyze other phenomena of diffusion and 
adoption of innovation, whose effect could have implied a radical change in the 
behavior of past societies. Among them, the most outstanding is the change of funerary 
rite from inhumation to cremation of bodies, which developed in Europe in the 2nd half 
of the 2nd millennium BC.  Such an innovation has been traditionally linked to the so 
called Urnfield culture and therefore considered as a homogenous cultural assemblage 
together with some specific pottery typologies, for instance fluted pottery. The adoption 
of a new funerary ritual with all its social and cognitive meanings is of high value to 
understand a social transformation, more that the mere adoption of a tool type. 
We can understand this process of cultural change in terms of a transformation of a 
population from one with a low proportion of early adopters of the Urnfield culture to 
                                                 
2
 We can mention the iron ring found in the terramare of Gorzano, in the Po valley (Northern Italy), dated 
to the Middle Bronze Age. Other examples are a ring from the cemetery of Castelluccio di Noto, dated 
before 1500 BC, and two square rods from a tomb at Thapsos containing a Mycenaean III A vessel, 
both in Sicily (Giardino 2005). 
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one with a high proportion of sites with evidence of cremation burials and the related 
series of related artifact types by means of information diffusion through global and 
interpersonal contact. This definition of change in terms of diffusion may generate the 
idea that the decisive mechanism is to be found in the concept that innovations are 
transmitted from group A to group B and then on to group C. When one then proceeds to 
terms like “follow”, one goes a step further and suggests that changes occur through a 
process where some agents or groups adopt the life-style patterns of other communities 
through some form of imitation or social role modeling (Lindbladh et al. 1997). 
 
There is no doubt that the behavior of one individual in an interacting population affects 
the behavior of his fellows. Therefore the heart of a diffusion model consists on the 
precise definition of interpersonal network exchanges between those agents who have 
already adopted an innovation and those agents who are influenced to follow or imitate 
their decision. As a consequence, the adoption of innovations has been studied many 
times as a special type of communication, as a process in which the participants create 
and share information with one another in order to reach a mutual understanding. This 
definition implies that communication appears to be a process of convergence (or 
divergence) as two or more agents exchange information or goods in order to move 
toward each other (or apart) in the meanings they give to certain events. The perceived 
difference the innovation supposes for the agent determines the reaction to it because 
this difference introduces alternatives to action. Therefore, the innovation-decision 
process appears to be essentially an information seeking and information processing 
activity in which an agent is motivated to reduce uncertainty about the advantages and 
disadvantages of the innovation (Hagerstand 1967; Rogers 2003). 
So called “Darwinian archaeologists” have approached this problem in a similar way: 
the social mechanisms underlying the spreading of cultural traits are twofold: either 
these traits become prevalent through a process of “natural selection” (selective 
advantage to the group using these traits) or through a process of copy (because they are 
more effective in some way) (O’Brien and Bentley 2011;  Shennan 2009). The former 
would reveal expansion of social groups, which is change in population or in social 
structures, and therefore discontinuities. The latter, being a process of endogenous or 
exogenous copy, would reveal contacts occurring in circumstantial situations, that is 
cultural changes, and therefore continuities. With material culture as with other cultural 
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phenomena, adoption may occur both among producers and consumers of an 
innovation. Second, most innovation studies focus on adoption, but inadequately deal 
with the persistence of cultural variants (Premo & Scholnick 2011). We should 
investigate the possibility that local persistence can be generated through social learning 
among spatially structured populations which is analogous to isolation by distance in 
genetic populations. When social learning occurs among a population of agents in 
spatially restricted neighborhoods, not globally, spatial drift decreases local and global 
cultural diversity. 
When generalizing the possible mechanisms leading towards the “diffusion” of 
cremation burials and affecting the probabilities for cultural, economic or technological 
change we can identify different types of decisions, and hence, different diffusion 
mechanisms: 
• Optional - the decision of accepting or rejecting the “Urnfield package” is taken 
independently from other social systems members decision: it is a personal 
decision;  
• Collective - the choices are taken in consensus in between social system 
members;  
• Authority - the decision is taken by some individuals within the social system 
which have authority, status or knowledge in the matter with the other members 
limited to implement the decision. 
How such mechanisms may be used to explain the historical evidence of the new rite 
and new typologies in areas populated by people who previously practiced different 
funerary rituals and used other artifacts?  To trace the diffusion of an innovation we can 
investigate: 
1 The Innovation 
2 Interaction Channels 
3 Time 
4 Space 
5 The Social System 
The innovation is represented by the new funerary practice. From the end of the Middle 
Bronze Age onwards, human communities across Europe and on some places of the 
northern basin of Mediterranean began to adopt a new funerary practice characterized 
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by the burial of cremated body parts, frequently inside an urn. We consider this change 
can be analyzed in terms of the diffusion of a standard, according to Weitzel et al. 
(2006) sense of the term: standard is used to refer to any technology or product 
incorporating specifications that provide for compatibility or cultural consensus. 
Cultural consensus theory assumes that cultural beliefs are learned and shared across 
people. The challenge to this view is that it assumes social mechanisms through which 
members of a group can identify how much they share (Romney et al. 1986, 1996; 
Romney 1999; Garro 2000; Weller 2007; Sieck 2010). Consequently, instead of 
assuming that agents have common identity traits based on membership to an already 
existing “ethnic” group, agents may ask themselves  as to the extent to which they 
“believe” they are similar to those of others in the neighborhood, and queried as to 
whether the outcomes of those values are perceived to be similar.  Cultural consensus 
should be considered as a relevant property of a social system that enables social agents 
to “somehow go together” and makes them subject to a network effect. Hence, cultural 
compatibility standards enable agents (Barceló, Capuzzo, Bogdanović 2013). We use then 
“cultural consensus” in the sense of active standardization as the implementation and 
use of a standard to interact with a communication partner. The theoretical bottom-line 
argument for standardization cultural processes is that the discrepancy between 
individual (at the level of the agent or the household) and collective (network wide) 
gains leads to coordination problems. With incomplete information about other actors’ 
preferences, excess inertia can occur, as no actor is willing to bear the disproportionate 
risk of being the first adopter of a new social practice and then becoming stranded in a 
small network if all others eventually decide in favor of another set of cultural features. 
This startup problem can prevent the adoption of any cultural innovation at all, even if it 
is preferred by everyone. Conversely, excess momentum is a possible outcome. There 
may be local incentives to build new networks (incorporate new members to an 
expanding social network) that can overcome inertia problems; however, they do not 
guarantee social optimality per se. The basic question underlying the agent cultural 
change decision is whether the costs of building a new cultural consensus through 
standardization exceed the benefits. The problem is that the social (or even economic) 
benefits of integrating a given cultural consensus often are even not quantifiable after 
the adoption. While the increased cultural similarity can lead to direct savings due to 
faster, more frequent and predictable communication, cultural consensus  may also 
induce more strategic benefits: avoiding conflict and increasing the flow of goods and 
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labor among culturally similar agents (Del Castillo et al. 2014). 
 
For Mahajan and Peterson (1985) Interaction Channels, or channels of communication, 
are mediums by which information is transmitted to or within a social system. The 
nature of the interaction relationship between a pair of agents determines the conditions 
under which a source will or will not transform the innovation to the receiver and the 
effect of such transfer. This is our problem in archaeology, because we have only access 
to a small subset of goods that may have circulated through those interaction channels. 
We do not know the agents, the way they contacted, and what they exchanged or how 
(peacefully or violently, trade or war and banditry). In any case, we may suggest 
different processes that have the potential to explain such a large-scale transitions: 
demic diffusion (movement of people), exchange (movement of goods) and cultural 
transmission (movement of ideas). Elite dominance (the conquest by a small minority 
that takes control of institutions and imposes its language and cultural traits) is another 
process that should be taken into account. Distinguishing between demic diffusion, 
exchange networks, cultural transmission and elite dominance in the archaeological 
record is problematic, especially where there is evidence of a diffusive spread of a novel 
trait into a region that has evidence of a population already in place.  
 
A basic puzzle posed by cremation burials and new typologies diffusion is why long 
time lags occur between an innovation’s first appearance and its general acceptance 
within a population. Among the factors that have been suggested are temporal delays in 
acting on information, a desire to conform, learning from others, and changes in 
external factors (Young 2009). In a diffusion model the time dimension takes part in: (1) 
the innovation-decision process by which an agent passes from first knowledge of an 
alternative way of doing things (the “innovation”) through its adoption or rejection; (2) 
the relative earliness/lateness with which the innovation is adopted, compared with 
other members of a system; and 3) the innovation’s rate of adoption, usually measured 
as the number of members of the system who adopt the innovation in a given time. The 
rate of adoption can also be measured as the length of time required for a certain 
percentage of the members of a system to adopt an innovation. Therefore, we can see as 
the rate of adoption is measured for an innovation in a system, rather than for an 
individual as the unit of analysis.  
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A second puzzle posed by cremation burials and new typologies diffusion is why long 
space lags occur between the place where an innovation has made its first appearance 
and its general acceptance across a given territory. As soon as time passes, farthest 
places begin to use previously unknown goods or ideas, increasing the distance between 
the place where the good or idea appeared for the first time, and the place where it is 
used anew.  Among the factors that have been suggested are the existence of spatial 
barriers impeding or constraining information transmission. What we should look for is 
whether the adoption of an innovation or an evidence for change at some place is the 
cause of what will be adopted in neighboring locations.  A model of diffusion pretends 
to examine if the characteristics of social action at one location have anything to do with 
characteristics in a neighboring location, through the definition of a general model of 
spatial dependencies. The characteristics of space as a dimension, rather than the 
properties of phenomena, which are located in space, are of central and overriding 
concern (Clark 1982). We may assume, the degree of influence between neighboring 
social actions should depend on the knowledge each agent has about neighboring 
agents, distance between social agents at different locations and frequency and nature of  
interactions between agents at different locations. Modeling spatial dimension of the 
diffusion process involves basic principles implemented in interaction models (effect of 
masses, and of distance, barrier effects, etc.), which quite often take the form of an 
exponential function of distance with a negative exponent.  The concept of distance can 
be understood then as an influence mechanism, because we usually assume that 
“everything is related to everything else, but near things are more related than distant 
things” (Tobler’s law). This assumption is based on the Neighborhood Principle (Boyce 
et al. 1967, 1971; Fix 1975), which relates the intensity of influences converging to a 
single location from the neighboring locations. When relating the nature of a diffusion 
mechanism to Tobler’s Law we make emphasis on the idea that over-coming space 
requires expenditure of energy and re-sources, something that nature and humans try to 
minimize (although not exclusively, of course) (Miller 2004).  
Decision making is a social mechanism by which social behaviors are constrained (or 
even determined) by social influences and consequences. The social context then plays 
a global role in the decision-making process of adopting an innovation and changing to 
a new state. Therefore, if we assume that a Social System is “a set of interrelated units 
that are engaged in joint problem-solving to accomplish a common goal” (Rogers 
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2003), then the structure of such a system can facilitate or prevent the diffusion of 
innovations and change. All human societies are comprised of individuals connected to 
one another by overlapping arrays of social ties that together constitute a social network. 
Social networks are emergent phenomena that both influence and are produced by the 
behavior of individuals. The channels of information, people, genes, and resources can 
be used to define the extent of a social system. The importance of social networks 
makes them a fundamental factor for studying social change (White 2013). Social 
interaction, and hence, the flow of people, goods and ideas,  depends upon the agent’s 
network of interpersonal contact or his network of social communication and that the 
configuration of this network is primarily dependent on the presence of various social 
barriers which impede, divert and channel communications. To advance in the 
investigation of the active role of the social network on the possibilities of change we 
should go beyond the classical definition of spatial and temporal distance , and creating 
a measure of social distance defined as the difference between the values of any 
property between two (or more) nodes in a social network (Gatrell 1983). 
We should ask whether cremation burials in the second half of the 2nd millennium BC 
and at the beginning of the 1st millennium BC “diffused”, that is, whether the distances 
between their spatial locations increased with time (Hazelwood & Steele 2004). We 
assume that for a new practice in funerary rituals to diffuse over time and space, there 
should have existed a mechanism of contact and cultural transmission to transmit the 
phenomenon (Boyd & Richardson 1985): in each time period every potential adopter of 
the new ritual practice made contact with other persons (the number depends on the 
network structure) with a likelihood based on the nature, intensity and frequency of 
interactions. We also assume that the spread behavior is not determined by independent 
assessment but there are external constraints (economic, social and cultural). 
The real point seems to be to evaluate the relative importance of demic, exchange and 
cultural diffusion in different regions of Europe because in some areas different 
interaction channels are likely to have contributed to the social and cultural change. Up 
to now, mathematical models of population spread and social learning have not been 
applied to the controversy between the demic and cultural expansions of the Late 
Bronze Age-Iron Age transition, probably due to the lack of academic acceptance of the 
very idea of diffusion (Rahmstorf 2011). 
Change in prehistoric technologies and socio-economic systems should be recognized to 
be a nonlinear phenomenon that includes elements of both development (performance 
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improvement) and diffusion (propagation of new technologies and/or improvements to 
existing technologies) (White 2008). 
The adoption of a new cultural consensus has always been asymmetric in time, 
irreversible, and nondeterministic. Uncertainty is the degree to which a number of 
alternatives are perceived with respect to the occurrence of an event and the relative 
probabilities of these alternatives.  However, the fact that we cannot predict the precise 
moment and the main characteristics of the process that lead to the adoption of the 
innovation does not mean, that cultural, social, economic or technological change 
cannot be analyzed as conditioned by a series of social actions and determined by other 
actions. This is a consequence of the fact that social actions are (or have been) 
performed in an intrinsically better or worse spatial/temporal location for some purpose 
because of their position relative to some other location for another action or the 
reproduction of the same action (Barceló & Pallarés 1998). As a social science, 
archaeology is not interested on individual action, or on individual psychology. We are 
interested in collective action, that is, why different people made the same action, or 
different actions at the same place and at the same moment. Our research goal should be 
to explain the sources or causes of that variability. Why habitants south of the Pyrenees 
adopted the cultural consensus of cremating the dead body of their relatives and buried 
those cremated remains in urns? Why this new funerary practice appeared more or less 
at the same time in Central Italy? Why people living in very far places used the same 
instruments to work and to symbolize social and political life? An explanation to such 
questions should not limit themselves to the study of how cultural, economic, or 
technological changes occurred over time. 
Diffusion phenomena bear a resemblance to complex adaptive systems, because the 
relationship between cause and effect is not smooth and proportionate. In a diffusion 
mechanism, agents respond to changes in a non proportionational way to the intensity of 
change: small changes in initial conditions, and later interventions of whatever size, can 
result in disproportionately large effects (Rogers et al. 2005). Diffusion occurs in 
complex systems where networks connecting system members are overlapping, 
multiple, and complex. Diffusion occurs most often in heterogeneous zones, i.e., 
transitional spaces where sufficient differentiation among network members comes to 
obtain. Such heterogeneous network connections, which comprise the innovation-
diffusion system, occur among innovators and other engaged members of target 
populations. 
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Our study looks at both the fine and global scales of social behavior and the 
relationships between people at the aggregated level. We intend to understand cultural 
change at the end of prehistory as a set of emergent behaviors and feedback when 
aggregates of individual behavior are scaled up to a similar behavior on a system level. 
Beginning with the level of local interactions, the fine scale, we study how the diffusion 
of a new cultural consensus took place through a network consisting of meso-scale units 
(households and local groups as potential adopters). As agents adopted the cremation 
and new pottery typologies or rejected it, their behavior contributed to the macro 
system-level scale of behavior. As the rate of cultural change accelerated and innovation 
diffusion took off, emergent adoptive behavior occurred at the system level. As the new 
ritual practice was adopted by additional agents in the new and evolving social system, 
a feedback loop may have occurred in the diffusion process as observability of the new 
cultural standard increased everywhere reducing uncertainties associated with the new 
idea, process, or technology. 
  
29 
 
2 ARCHAEOLOGICAL EVIDENCES FROM DANUBE 
TO EBRO 
 
 
2.1 Introduction 
 
In prehistory, since the late 19th century archaeologists started to identify homogenous 
human groups from the analysis of the material evidences of past societies.  
Such studies were first developed in the German area with the works of Gustaf 
Kossinna, who claimed that a regionally delimited ethnicity could be defined by the 
material culture excavated from a site. The German prehistorian stressed in the so called 
Kossina’s law that “sharply defined cultural areas correspond unquestionably with the 
areas of particular people or tribes” (Leo 1999). Although Kossina’s theory was subject 
to criticism, it had a large success among the German academic community. 
In the English-speaking world analogous statements were introduced by the Australian 
prehistorian Gordon Childe and the German-American anthropologist Franz Boas. 
Childe, studying the area along the Danube River, recognized that it marked a natural 
boundary between two different macro regions. In his studies he formulated the concept 
of archaeological culture arguing that “We find certain types of remains – pots, 
implements, ornaments, burial rites, house forms – constantly recurring together. Such a 
complex of regularly associated traits we shall term a 'cultural group' or just a 'culture'. 
We assume that such a complex is the material expression of what today would be 
called a people” (Childe 1929). 
With the post-processual archaeology a new understanding of culture was introduced. 
According to Hodder (1982) culture is a socially and symbolically constructed, which 
can be linked to a variety of social traditions, from ethnicity to cosmology. 
Nowadays the concept of “culture” is slowly decaying in favor of other more 
appropriate terms like “groups” or “archaeological facies”. The second one is usually 
adopted in order to identify the recurrence of an assemblage of artifacts from a specific 
place and time, which constitutes the material evidence of a past human society. In 
addition, the concept of “culture” has also been extended to define human groups not 
only on the base of the produced artifacts, but also using other parameters, like, the 
settlement type or the funerary rite. 
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Traditionally, for the Bronze Age and the Iron Age transition in Central and Western 
Europe the different “cultures” or it would be better to say horizons, have been 
identified frequently on the basis of the typological seriation of pottery and metallic 
artifacts. We will focus on the most relevant archaeological facies over a large territory 
from the Ebro to the Danube River. We would have liked to analyze together this macro 
area due to the existence of “classical cultures” which cover a wide territory greater than 
the boundaries of modern states.  Regrettably, despite of the existence of such cultural 
groups over large regions, the definition of cultural phases has always been 
characterized by a regional connotation which is a result of the research traditions in the 
different parts of Europe. This certainly represents an obstacle when we want to analyze 
complex phenomena whose magnitude exceeds modern state boundaries. 
As a consequence, also the debate about a uniformed and unambiguous chronological 
framework for the Bronze Age and the beginning of European Iron Age is far from over 
among the scientific community. Defining a structured division in phases, based most of 
all on the typo-chronological seriation of human artifacts, has been the primary 
objective in 20th c. archaeological studies. The result has been that the chronological 
framework of European Prehistory and Protohistory is mostly a relative chronology 
based on the typology and stratigraphic data. In fact, since the beginning of the 
discipline archaeologists have always been trying to divide time in well defined time 
spans, usually based on the typo-chronological analysis of human artifacts, in particular 
metallic objects and pottery. Those conventional periods or phases based on what it is 
buried in the archaeological record are usually the starting point for every kind of 
archaeological study. The main problem of such a qualitative division system is the not 
uniform acceptance among the scientific community; furthermore frequently the 
terminology used for each phase is different from one country to the other, taking the 
geographic and the political borders of the country as the distinctive mark. This 
approach has its origin in the prehistoric traditional studies carried on in European 
countries along the 20th century. In addition, the synchronization of different time 
periods suffers for the lack of absolute dates and therefore disagreements between 
different chronological schemes are difficult to reconcile. Only in the last decade the 
diffusion of absolute dating techniques, like in particular dendrochronology and 
radiocarbon dating, has allowed to review the conventional chronology and to convert 
into absolute dates the boundaries of each phase.  
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In this chapter we manage to present briefly the conventional chronological scheme 
(Fig. 5) and to make an overview on the “classical cultures”, which populated the 
territories from the Ebro to the Danube River during the Bronze Age and the Iron Age 
transition. We focus on the major archaeological cultures from the regions of Central 
Europe, corresponding nowadays to Switzerland, Austria and southern Germany, and 
moving toward Northern Italy, Southern France and the North-East of Iberian Peninsula  
 
 
2.2 North of the Alps area 
 
In the territories located north of the Alps the chronology of the Bronze Age (Bronzezeit 
– Bz) is divided in six main phases: BzA, BzB, BzC, BzD, HaA, HaB. The following 
phase is the Iron Age (HaC). 
The Early Bronze Age (Frühbronzezeit) is made up by just one phase, the BzA, which 
conventionally has been divided in two subphases BzA1 and BzA2. The first phase is 
based on the absolute dates of the necropolis of Singen, in the German Baden-
Württemberg region. The Middle Bronze Age (Mittelbronzezeit) is traditionally divided 
in three phases: BzB, BzC and BzD, of which only the BzC is divided in two subphases 
(BzC1 and BzC2). As a result, the Late Bronze Age (Spätbronzezeit) traditionally starts 
with the Hallstatt period, which takes the name from the LBA lake-side settlement of 
Hallstatt, in the Austrian Alps, famous for the exploitation of salt mines located in 
district. 3 
 
The terminology of such a division in phases of the Bronzezeit A-D and the Hallstatt A-
D was introduced in the works of Paul Reinecke (1965), who during the end of the 19th 
and beginning of the 20th century contributed significantly to the refinement of the 
Central European chronology. The starting point of his chronological framework was 
the combination of the typological method with the dating of single contexts through 
finds combination. Reinecke first established a detailed Bronze Age chronology for 
                                                 
3
 According to a fashion diffused in the 20th century , it is relevant to detect how,  also the term Halstatt 
has been used both to identify a material culture (Hallstattkultur) which would be coincide the phases 
HaC and D, and a chronological phase (Hallstattzeit) including the whole period HaA-HaD. In the 
case of this term the second meaning finally prevailed. 
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Hungary in 1899 (Reinecke 1899). In order to link Hungarian material with the German 
one, the cemetery of Hallstatt played a crucial role. In 1900, Reinecke published his first 
suggestion for a division in phases based mainly on weapon forms (Reinecke 1900). 
Concerning the “classical cultures” of the North of the Alps region, in north-western 
territories during the Early Bronze Age the so called Únětice culture is diffused over a 
large area along the Danube River, from the South-Western Slovakia to central Germany 
passing through Northern Lower Austria, Moravia and Bohemia, including also Silesia 
and Greater Poland. Such a culture takes the name from the Czech village of Únětice, 
northwest of Prague, where the Czech archaeologist Čeněk Rýzner discovered a large 
inhumation cemetery in 1879. Flat cemeteries are one of the main features of such 
archaeological culture; barrows are also attested (Moucha 1963; Gimbutas 1965; 
Bartelheim 1998; Primas 2008; Jockenhövel 2013). 
Another major group in the Early Bronze Age is the lake-dwelling or pile-dwelling 
culture, characterized by settlements constructed with wooden beams and poles and 
located close to humid zones like lakes. Although lakeshore and wetland settlements are 
attested since the Neolithic period, it is during the first phases of the Bronze Age that 
pile-dwellings reached their maximum diffusion. The area with the highest 
concentration can be identified in a large region including the surroundings of the Alps 
(Eastern France, Switzerland, Southern Germany, Northern Italy, Austria and Slovenia) 
(Keller 1866; Leonardi et al. 1979; Balista & Leonardi 1996; Menotti 2004; Fokkens & 
Harding 2013). 
In the Western territories, corresponding to the Swiss cantons of Valais and Bern during 
the first phases of the Bronze Age is attested the Rhône culture (Mordant 2013). Such a 
culture will spread on a territory including part of Western France as we will mention 
later. 
In the Middle Bronze Age one of the major archaeological cultures in Central Europe is 
the Tumulus culture (Hügelgräberkultur). Such a culture was defined mainly on the base 
of the funerary ritual characterized by the practice of inhumating beneath a burial 
mound or a tumulus, frequently the bodies were accompained by rich graves. The great 
amount of mounds led to the creation of large cemeteries often made up by dozens of 
tumuli (Görner 2002; Jockenhövel 2013). 
In east and central Alps, in particular in the area of the Swiss Grisons and surrounding 
territories, the Inner Alpine group has been recognized for the Middle Bronze Age 
(Rageth 1986a, 1986b). However, not all the scholars agree in identifying such a 
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culture, whose material culture represents a perduration and an increase of specific 
forms attested in the Grisons and Valais during the Early Bronze Age (Della Casa 2013). 
The chronology of the Late Bronze Age (Spätbronzezeit), phases HaA and B according 
to Reinecke’s scheme, was the object of an intense debate from the beginning of the 20th 
century. Such a debate was focused on the major LBA culture in Central Europe, the so 
called Urnfield culture. Such a complex phenomenon deserves a particular attention as 
it represents a key concept in this thesis; therefore we have tackled it in the details in the 
chapter 3.3. 
Regarding the chronological aspects of the Urnfield period (Urnenfelderzeit, period of 
diffusion of the Urnenfelderkultur) in Central Europe we need to cite the prehistorian 
Hermann Müller Karpe and his studies about the diffusion of such a culture in the north 
and south of the Alps based on the typology of Bronze finds (Müller-Karpe 1959). 
Hermann Müller-Karpe after the analysis of the Italian findings (which play a role of a 
link between the Urnfield culture and the Aegean zone) managed to date phase BzD to 
the 13th century BC and of HaB3 to the 8th century BC (Przybiła 2009). 
He also created a division in three main phases for the Urnenfelderkultur horizon and 
hence for the so called “Urnfield period”, which could be divided in ältere, mittlere and 
jüngere Urnenfelderzeit and they correspond to the conventional Hallstatt phases, 
HaA1, HaA2 and HaB1 (Giardino 1995). In particular, on the basis of the Cemetery I 
from Ruše in Slovenia, H. Müller-Karpe (1959) founded a chronological scheme for the 
later period of the Urnfield culture, with three chronological phases (HaB1-3) (Teržan 
1999).  
A stumbling block for the construction of a real chronology for the last phases of the 
LBA and the transition to the Iron Age lies in the adopted methodology. The analysis of 
the pottery assemblages and the association of “central European” typologies with 
imported ceramics from the Eastern Mediterranean, especially Attic pottery with a 
function of fossil guide, was based on the idea of a contemporaneity of the same 
elements located in different places, without taking into account the possibilities of time 
gaps between the date of manufacture and the time of deposition (Olivier 1999; Trachsel 
2004; Arnold 2012). The cross dating  did not consider the need of adding a necessary 
time span calculated according to the diffusion of the items from one geographic place 
to the other, sometimes located hundreds of kilometers away. 
An improved division of Urnenfelderzeit according to regional variations was proposed 
by Lothar Sperber in 1987 (Sperber 1987). His chronological scheme was based on the 
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association between radiocarbon dates and typological seriation of metallic and ceramic 
objects discovered between the 1981 and the 1984 from the Swiss lake dwellings, for 
instance in the Zürchersee (Zürich-Haumesser, Zürich-Alpenquai, Zürich-Grosser 
Hafner), in the Zugersee (Zug-Sumpf), in the Bielersee (Vinelz, Le Landéron), in the 
Lac de Neuchâtel (Auvernier-Nord). 
Nowadays, most of the archaeologists agree in fixing the LBA/Iron Age transition in the 
last phases of the HaB (Giardino 1995) or at the beginning of the HaC (Sperber 1987; 
David Elbiali 2009), with slightly differences according to the analyzed geographic 
region. For example, in Slovenia the beginning of Iron Age is placed within the horizon 
Hallstatt B3 (Gleirscher 2006). This scheme agrees with Paul Reinecke’s chronological 
framework, elaborated at the beginning of the 20th century. Currently, the beginning of 
the phase HaC is placed about the year 780 BC (Friedrich & Henning 1995; Roberts et 
al. 2013). 
In the last decades the dendrochronological analysis carried out on lakeside settlements 
from the North-Alpine area have been representing a powerful tool in order to fix the 
relative chronology with absolute dates. In this way the beginning of phase HaA2 
should be placed in the year 1100 BC (Rychner 1995) and the start of the HaB1 phase in 
the 1050 BC or slightly later (Rychner 1995; Friedrich & Henning 1995; Rychner et al. 
1996). 
 
 
2.3 Northern Italy 
 
In the area south of the Alps, which nowadays corresponds to Northern Italy the Bronze 
Age has been divided in four conventional phases: BA, BM, BR and BF. 
The Early Bronze Age (Bronzo Antico) is formed by only two subphases BA1 and BA2. 
The Middle Bronze Age (Bronzo Medio) is divided in three subphases BM1, BM2 and 
BM3. The LBA is conventionally divided in two phases, the BR (Bronzo Recente) which 
is also composed by two subphases BR1 and BR2. More complicated it is the 
chronological sequence for the last part of the LBA the BF (Bronzo Finale), usually 
formed by BF1, BF2 and BF3. The following phase is the Iron Age (Fe). 
Regarding the archaeological cultures in the Early Bronze Age the Polada culture 
developed in Northern Italy in the territories north of the Po River (Piedmont, 
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Lombardy, Veneto and Southern Trentino) (Laviosa Zambotti 1940; Peroni 1971; Peroni 
1996; Bietti Sestieri 2010). The area with the greatest concentration of Polada 
settlement is located south of the Garda Lake between regions of Lombardy and Veneto. 
The most outstanding evidence of such a culture is the presence of pile-dwelling 
settlements. Due to the analogies in the settlement structure with the north of the Alps 
lake-dwellings it was proposed that arise of Polada culture had to be explained by the 
movements of people from Switzerland and Southern Germany as proposed by Barfield 
(1994). 
In Northern Italy the legacy of the lake-dwelling population was inherited by the 
Terramare culture, which flourished from the beginning of the Middle Bronze Age in 
the Po Valley (Peroni 1996; Bernabò Brea et al. 1997; Bietti Sestieri 2010). Such a 
culture is frequently named cultura palafitticolo-terramaricola (pile-dwelling/terramare 
culture) as to mark the continuity with the previous system. 
In fact, the main feature of a terramare is a wooden settlement structure characterized 
by the presence of a rectangular earthwork rounded by a wide moat supplied with 
running water (Bernabò Brea et al. 1997). The developments of this settlement system 
created a large network in the area with a high density till the beginning of the Late 
Bronze Age. In the material culture of Terramare settlements, a large variety of pottery 
decoration is attested, including fluted decorations, solar and cross motives, zig-zag, 
meanders and many others. Moreover, it is relevant to highlight the large presence of 
handle with vertical expansion in association with carinated cups. Such features 
represent an innovation produced in the Polada culture and developed in the 
Terramare’s contexts. Such new types spread over a wide region, in particular along the 
French Riviera and the Languedoc in the Mediterranean coast (see Chapter 4.2.2). 
In the Middle Bronze Age the facies of Scamozzina and Viverone are attested in 
Piedmont, whilst the pre Apennine facies of Grotta Nuova and Candalla Farneto 
developed in the central regions of Italy from the Romagna to the territory of Rome. To 
the same period can be dated the proto Appennine (Protoappenninico) facies in 
Southern Italy. Such cultures developed in the last phase of the Middle Bronze Age and 
in the LBA (Bronzo Recente) into the Apennine (Appenninico) and Subappennine 
(Subappenninico) facies (Cocchi Genick 1995) in Central and Southern Italy. 
During the LBA and in particular in the Bronzo Finale phase in Northern Italy we can 
notice a phenomenon of regionalization with an increasing number of archaeological 
facies whose differences correspond to those ones observed in the historical period. 
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In North-Eastern Italy the castellieri culture has been identified for the Bronzo Recente 
phase. With the term castellieri we refer to fortified villages usually located on hills and 
provided with one or more walls of stones or a wooden palisade which rounded the 
settlements (Marchesetti 1903; Montanari Kokelj 2005; Bietti Sestieri 2009). Such a 
culture is also attested in Istria, Dalmatia and surrounding area. 
In North-Western Italy the facies of Canegrate has been recognized in Piedmont, 
Western Lombardy and Canton Ticino for the Bronzo Recente. In the same 
chronological phase, but in the southern territories which include an area from Southern 
Piedmont to Western Emilia, we can distinguish the archaeological facies of Alba-
Solero and S. Antonino di Perti. The analysis of materials remains of such cultures show 
connections with the RSFO group (see forwards) (De Marinis & Spadea 2004; Bietti 
Sestieri 2010). 
For the Bronzo Finale phase in Northern Italy we can identify three major 
archaeological cultures. The Protogolasecca and the Golasecca culture in Piedmont and 
Western Lombardy, which show contacts with South-Eastern France and Switzerland, as 
detected for the previous facies. The Luco-Meluno (Laugen-Melaun) group, which 
developed in the Centro Alpine area: regions of Trentino-Alto Adige/Südtirol, Tirol and 
Engadin. And the so called “Protovillanoviano padano”, whose evidences are spread 
over an area which embraces Eastern Lombardy and Veneto regions. 
Regarding the chronology of the Iron Age transition in the scientific debate two 
different positions were proposed: the first one of Renato Peroni and his school and the 
second one based on Raffaele De Marinis' studies. Renato Peroni's school (Peroni 1990; 
Peroni 1995; Peroni 1996) follows the division in three phases of HaB as proposed by 
Müller-Karpe4. After a typological analysis and a cross-dating of bronze artifacts 
recovered north and south of the Alps, the Roman school of Peroni set the 1020 as the 
beginning of the Iron Age (De Marinis 2005, p. 21; Pacciarelli 2005). The date is in 
agreement with the chronology supported by Lothar Sperber (Sperber 1987). The recent 
works of Nijboer based on the analysis of radiocarbon dates from Latial contexts agree 
with this high chronology (Nijboer et al. 1999-2000; Nijboer & Van der Plicht 2008; 
Van der Plicht et al. 2009). The other school is led by De Marinis who organized the 
first three phases of the Bronze Age framework on the stratigraphic sequence of the 
                                                 
4
 Müller-Karpe first suggested a division in three phases of Hallstatt B Period (HaB1, HaB2 and HaB3). 
Nevertheless, in later publication (Müller-Karpe 1974) referring to jüngere Urnenfelderzeit (HaB1) and 
späte Urnenfelderzeit (HaB2-3) he chose for a bipartition of HaB (De Marinis 2005, p. 20). 
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settlement of Lavagnone (in Northern Italy). According to his position, the beginning of 
the Iron Age should be dated in the end of the 10th and the beginning of the 9th c. BC 
(De Marinis 1999; De Marinis 2005). 
North Italian conventional phases have been correlated with the North of the Alps 
chronology. Although the debate is far from over the most widely accepted 
synchronization for the Middle Bronze Age and the beginning of the Late Bronze Age 
is: BM1=BzB1, BM2=BzB2/C1, BM3=BzC/C2, BR=BzD (Carancini et al. 1996; Vital 
1999). In the light of such correspondences the beginning of Iron Age (Fe) traditionally 
has been synchronized with the HaB phase. 
Regarding the LBA in the 90’ of the 20th century the significance of North Italian 
assemblages for cross dating the north of the Alps area was questioned (Randsborg 
1991; Della Casa & Fischer 1997). Precisely dated Greek imports in Northern Italy are 
attested in large number only in a later period, not before the Villanova I phase (8th c. 
BC), which correspond to the HaC phase in the Reinecke’s chronology (Pare 1998). 
Moreover, the previously accepted full synchronization of phase BzD with the North 
Italian Peschiera phase (BR) is questioned in particular due to the presence of pottery 
stylistically dated to the Late Helladic IIIB in Apennine contexts which can be referred 
to the BM3 (Urban 1993; Vital 1999; Przybiła 2009). 
 
 
2.4 Southern France 
 
In Southern France the Bronze Age has conventionally been divided into three main 
phases: Bronze Ancien (BA); Bronze Moyen (BM), Bronze Final (BF). The Early Bronze 
Age is traditionally composed of three subphases BA1, BA2 and BA3. The Middle 
Bronze Age is made up of three subphases BM1, BM2, and BM3, although the BM3 
phase has not been detected everywhere and it is frequently included in the BM2. 
Finally, the Late Bronze Age is composed of three subphases BF1, BF2 and BF3 and it 
is followed by the Iron Age (Fer). 
A division of periods for the French chronology was first proposed in the work of J. 
Déchelette, the Manuel d’archéologie préhistorique, published at the beginning of the 
20th c. (Déchelette 1910), and thus contemporary with Reinecke’s system. After this 
research the creation of a chronological framework composed of three main phases is 
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attributed to J.-J. Hatt (1955a, 1955b, 1958) and it is consolidated by J.-P. Millotte 
(1970). Hatt developed his chronological scheme starting from the typo-chronological 
analysis of the archaeological evidences from sites located in Western France and their 
correspondences with those from the Middle-Europe. 
Regarding the “classical cultures” in the Early Bronze Age, in Eastern France (Franche-
Comté, eastern Burgundy) the previously mentioned Rhône culture is attested. Such a 
culture expanded from the northern Alps close to the Swiss Plateau, cantons of Valais 
and Bern, over an area including Western Switzerland and Eastern France till the Massif 
Central (Gallay 1996). The definition of such a culture is based mainly on the 
production of metallic typologies and pottery known as “Rhodanian” which were spread 
using the route marked by the Rhône corridor (Mordant 2013). In the same period in the 
French and Swiss Jura it is attested the Saône group, whose material culture presents 
many analogies with the Rhône group (Della Casa 2013). 
The major archaeological culture of the Middle Bronze Age in Central Europe, the 
Tumulus culture (Hügelgräberkultur), is attested in Western France with no relevant 
differences from that one present in North of the Alps regions. The eastern Tumulus 
culture spread to Paris Basin and the Loire Valley highlihting the significant extension 
reached by such a cultural group (Dynamiques du Bronze Moyen 1989; Jockenhövel 
2013; Mordant 2013). Contemporary to this process is the formation of the Duffaits 
culture, attested from the Charente region to the Middle Loire and characterized by 
Atlantic features (Gomez 1995; Mordant 2013). South of this region, in the western part 
of the Massif Central the cultural group of the Noyer has been identified (Gascó 2011). 
Such cultures were followed in the LBA by the Urnfield culture. In particular, in the 
north-Alpine area, traditionally included in the Urnfield world, the group Rhin-Suisse-
France oriental (RSFO) was identified during the eighties thanks to the works of Patrice 
Brun (Brun 1984; Brun & Mordant 1989). Such a culture is characterized by the 
systematic practice of cremation but also by fine incised and combed decorated pottery 
(Brun & Mordant 1989; Mordant 2013). The influences of such a group on surrounding 
areas will be highlighted in the chapter 3.3. In the same period in the Atlantic facade of 
modern France the Atlantic Bronze Age developed over a large area. Such a cultural 
group is closely linked to the British Isles, the North Sea countries, and the North 
Iberian Peninsula. It reached its maximum visibility in the 12th and 11th c. BC (Mordant 
2013). 
In Southern France the most relevant culture for the LBA (Bronze Final 3b) is the 
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Mailhacien culture or also named Maihlac I, identified first in western Languedoc by 
Jean Guilaine in 1972 (Guilaine 1972). Such a culture is characterized by the existence 
of large cremation rite cemeteries, like those of Moulin at Mailhac or Castres (Janin 
2000; Giraud et al. 2003; Janin 2009). Janin (2009) detected seven regional groups 
within the Mailhacien culture: the group of the Bas-Languedoc Audois, the Provençal 
group, the group of the Rhône valley, the group of the eastern Languedoc, the group of 
Tarn and Toulousain, the group of Roussillon and the Catalan group. 
Regarding the debate about the chronological aspects, as it happened with the North 
Italian chronology, also the Late Bronze Age in Southern France constituted the most 
discussed time span of the whole sequence. Hatt’s division of the LBA includes a 
further partition in two sub phases marked by the letters “a” and “b” for both the BF2 
and the BF3. Starting from the 70’s a new subdivision of the LBA was proposed by a 
group of French Protohistorians, who grouped the Bronze Final 1-2a, 2b-3a and 3b-
Hallstatt Ancien (Brun 1984; Brun & Mordant 1988; Gaucher 1992; Lachenal 2010). 
Brun argued that the caesuras between the phases “a” and “b” of the BF2 and the BF3 
were more relevant than those between the main phases BF1, BF2 and BF3. The 
influence can clearly be traced to Reinecke’s division and the tendency to correlate the 
French chronological sequence to the one adopted for regions north of the Alps is a 
common denominator in Protohistoric research. Therefore, the following 
correspondences have traditionally been adopted between the two systems: BF1=BzD, 
BF2a=HaA1, BF2b=HaA2, BF3a=HaB1, BF3b=HaB2 (of the Reychner sequence) and 
=HaB2/3 (of the Müller Karpe system), Fer (or Hallstatt ancien)=HaC. 
 
 
2.5 The North-East of Iberian Peninsula 
 
More complicated is the conventional chronology for the North-East of the Iberian 
Peninsula. Still nowadays the lack of a homogeneous conventional chronology for such 
an area has produced different regional framework based on the typo-chronological 
analysis of local artifacts. The little attempts to correlate such systems into a supra-
regional sequence led to the creation of a variety of conventional chronologies whose 
acceptance was not uniform. Moreover, the typo-chronological studies carried out in the 
border countries like France, did not find a direct correspondence in the territories on 
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the other side of the Pyrenees. As a result, among the archaeological materials very few 
pottery types were defined as fossil-guides and the amount of metal types were even 
less, furthermore their relations were mostly with the Trans-Pyrenean area, than with the 
other Spanish regions. In the light of such fragmentary situation the construction of a 
unique conventional chronology represents a challenging work. 
Therefore, scientific methods of dating, like radiocarbon dates, were widespread used as 
a tool for building chronological sequences based on the analysis of organic samples of 
different archaeological facies. This led to the creation of a collection and its 
interpretation of isotopically determined archaeological contexts from the most relevant 
cultural evidences during the Bronze Age in the Iberian Peninsula (Castro et al. 1996). A 
simplified and updated version of such a system was proposed by Pingel (2001), who 
integrated in his work more recent radiocarbon dates. The main problem is that the 
radiocarbon dates were not always a result of stratigraphic analysis of the associated 
contexts described by characteristic typologies; therefore they were frequently 
characterized by a level of uncertainty that could not be controlled. 
From the eighties of the last century several proposals for the Bronze Age chronology in 
the North-East were presented. It has been divided in three main periods: the Early 
Bronze Age (Bronce Antiguo), the Middle Bronze Age (Bronce Medio) and the Late 
Bronze Age (Bronce Final) (Rovira & Santacana 1980). Although due to the continuity, 
which characterizes the first two phases some authors have preferred to take into 
account only two main phases, joining the Early and the Middle Bronze Age (Toledo & 
Pons 1992; Maya & Petit 1986; Petit 1990). For the Early Bronze Age several terms 
have been adopting and employing interchangeably (Bronce Inicial, Bronce Antiguo, 
Bronce Pleno), without a clear distinction between them with the consequence of 
causing no little confusion. To make the things more difficult in other regions of modern 
Spain the Late Bronze Age or also named Bronce Tardío is divided in two phases 
Bronce Reciente and Bronce Final. Such divisions, which are theoretic in most of the 
areas, do not always find a direct correspondence in the archaeological data (Almagro 
Gorbea 1997). Moreover, for the same area different archeologists introduced different 
schemes, whose effect was to increase the level of uncertainty. For instance, Maya 
(1992b) in the attempting of correlating the Southern France sequence to the Catalan 
one, divided the Bronze Age in two main phases, the Bronce Inicial, which includes the 
Bronze Ancien, Moyen and Final 1 of the Southern France, and the Bronce Final, that 
should correspond to the Bronze Final 2 and 3 of the Hatt’s division. At the end of the 
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nineties of the 20th century an effort of integrating the various chronological schemes 
into a common framework was made by Almagro Gorbea (1997), even though it was 
more a relative chronology formed by sequences of phases and their most relevant 
features for the various regional areas. 
In Catalonia if the internal chronology of the first two phases was almost unknown, for 
the Bronce Final phase, several divisions were created taking as a starting point the 
analysis of the contexts referred to the Urnfield culture and modeling their chronology 
using the Hatt’s periodization (Bronze Final 1, Bronze Final 2a/b, Bronze Final 3a/b) 
adopted for Southern France (Guilaine 1972). The term Bronce Reciente in the Catalan 
area it is not widely attested, whilst it is preferred the use of Bronce Final. In fact, in 
this area the Bronce Reciente should correspond to the first phase of the Bronce Final 
and it could also be an equivalent of the Italian Bronzo Recente, but much less well 
defined (Roberts et al. 2013). Therefore, when it is employed the Bronce Reciente in 
Catalonia is thought to correspond to the French Bronze Final 1 and the Bronce Final to 
the French Bronze Final 2. According to an archaeological perspective such an approach 
can be explained by the numerous common traits that Catalonia, in particular the North-
Eastern comarques share with the French contexts of Mailhac phases, in the Gulf of 
Lion (Toledo & Pons 1982; Pons 1984; Janin 1992; Janin 2000; Janin 2009; Pons et al. 
2010). 
Still nowadays no systematic attempts have been made to relate the mentioned 
traditional phases to well-defined pottery or metallic assemblages. In fact, the attention 
for the creation of a widely accepted absolute chronology on a large scale is still lacking 
and the variety of adopted terminology for defining the conventional phases represents a 
clear stumbling block in order to reach such a goal. Such difficulties can be traced also 
in the definition of the major archaeological cultures in the North-East of the Iberian 
Peninsula. For the Early Bronze Age local culture presents elements of continuity with 
the previous Bell Beaker tradition, without developing an inner homogeneity and 
individuality. The perduration of the megalithism is widely attested and cultural 
boundaries in area and in time are often vague or non-existent. The exception can be 
traced in the Atlantic facade, where the Atlantic Bronze Age is attested (Harrison 1974; 
Ruiz Gálvez 1979, 1984; Almagro Gorbea 1997; Lull et al. 2013). Such a culture, 
obtained the deserved relevance after the work of Macwhite (1951), regarding its 
geographic distribution it reached its maximum extension in the LBA as previously 
recognized for the French Atlantic coast. 
 The Middle Bronze Age is charac
regarding the North-Italian typologies connected to the 
handles “de apéndice de botón” (See chapter 5.
Eventually, the main cultural group of the LBA in the M
Urnfield culture, characterized by the large diffusion of cremation burials cemeteries in 
the Catalan territory. For the details of this process we make reference to the chapter 
3.3. 
 
Fig. 5 – Chronological scheme of the traditional conventional chronology in the four regions: North of the 
Alps, Southern France, Northern Italy and North
variations may be encountered depending on the various p
the chronology suggested by F. Lopez Cachero (personal communication).
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3  ARCHAEOLOGICAL EVIDENCES FROM THE 
BRONZE TO THE IRON AGE 
 
 
3.1  Introduction 
 
Ever since the beginning of archaeological studies a great effort has been made to divide 
human history into well defined time-spans characterized by internal homogeneity thus 
allowing for the definition of each time-span as a uniform period or phase. 
A historical division based on the raw material of which archaeological objects were 
made was first proposed by a number of Danish historians in the last part of the 18th 
century  (Suhm 1776) and in the first half of the 19th (Thomsen 1836), according to a 
principle of technological progress. It divided universal prehistory in what those authors 
considered were “three ages”: Stone Age, Bronze Age and Iron Age. With the further 
distinction between Paleolithic and Neolithic5, it constitutes the basis for the 
periodization of human Prehistory and Protohistory even nowadays. 
Such a framework grounds a more detailed qualitative division of Prehistory in phases 
based mainly on the character of archeological remains. In fact, for the study of the 
behavior of prehistoric societies during the Bronze and Iron Ages, the typo-
chronological studies of human artifacts has represented the most widely-accepted 
methodology. We can take as a paradigmatic example the German school of 
archaeological thinking, which led to the birth of the famous series of “Prähistorischen 
Bronzefunde”, whose final purpose was to catalogue the descriptions of bronze objects 
from different areas and regions. This approach implied that characteristic items in a 
“typical” assemblage were adopted to define a particular phase or even an “ethnicity”, 
as for example, the cremation of bodies and the deposition of cremated bones in urns to 
define the Urnfield culture or the presence of a pottery vase with a particular shape               
(bell-beaker) to identify the end of Chalcolitic and beginning of Bronze Age, and 
supposed to represent a “Bell-beaker population”6. 
                                                 
5
 John Lubbock in “Pre-historic times, as illustrated by ancient remains, and the manners and customs of 
modern savages” published in 1865 adopted the terms Paleolithic and Neolithic to denote an old and a 
recent phase of Stone Age. 
6
 Nowadays, the traditional model which considered the spread of the characteristic ceramic recipient 
called Bell-Beaker in the 2nd millennium BC, together with an assemblage of associated materials, in 
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The consequence has been the rise during the first half of the 20th c. of a series of 
conventional divisions for the Bronze Age based on such features as the type of burial. 
For instance, adopting the German terminology, the Early Bronze Age (BzA phase) has 
been referred to as Hockergräberzeit (period of the crouched burials), the Middle 
Bronze Age (BzB-C phases) as Hügelgräberzeit (period of the burial mounds during the 
so called “Tumulus culture”) and the Late Bronze Age (BzD-HaA/B phases) as 
Urnenfelderzeit (period of the cremation burials in urn) (Jockenhovel 1994, p. 11). The 
term that has been the most successful for naming an historical period, but also a kind of 
society and a “culture” has been Urnenfelderzeit, i.e. the period of diffusion of the 
Urnfield culture, which became synonymous with the Late Bronze Age. 
As far as the Iron Age is concerned and following almost the same system implemented 
for the Bronze Age, at the end of the 19th century Hans Hildebrand (1874) suggested 
dividing the Central European Iron Age into two consecutive periods: the Hallstatt 
phase, from the name of the main settlement located in the Austrian Alps, and the La 
Tene phase. 
Nowadays, although traditional research still represents a fundamental basis for the 
study of Bronze Age communities, the introduction of absolute dating techniques like 
radiocarbon dating and dendrochronology has changed the focus of research, giving 
new breath to a more objective approach regarding the definition of phase, the episodes 
of change, and an absolute chronology for each historical event.  
In this chapter we want to present the state-of-the-art on the Bronze Age and the 
transition to the Iron Age, focusing on the social and economic changes which took 
place in Europe at that time. In particular, we focus on the emergence of the historical 
conditions in which the social and cultural changes took place, notably the increasing 
social and economic complexity that preceded the adoption of new technology 
(adoption of Iron) and made it a historical reality. 
  
                                                                                                                                               
particular related to the role of the warrior (arrowheads, spearheads, daggers), as a demic diffusion has 
lost part of its acceptance as too reductive for describing a so complex phenomenon. 
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3.2 The Bronze Age and the transition to the Iron Age in Protohistoric 
Europe 
 
In European Prehistory, the Bronze Age and especially the transition to the Iron Age has 
deserved a particular attention due to its historical relevance. Among the so called 
“Metal Ages”, the Bronze Age was assumed to be a transitional period between two 
different social and economic systems: a previous one in which subsistence was a 
matter of agriculture and cattle rising, and a posterior one seeing the rise of new 
technologies and social structures, like new ways to manufacture bronze alloy, and the 
increase of the frequency of long distance exchange networks relating different regions 
and territories, often under the control of a small part of the population. 
Archaeological evidence suggests that during the 2nd millennium and the beginning of 
the 1st millennium BC, several social, cultural, and economic changes took place: a new 
funerary ritual, different settlement strategies, new exchange networks and important 
changes on the means of production. The main consequence of such changes was an 
increase in the complexity of social and economic dynamics. There is also an increase 
in horizontal social differences (gender, age, kinship) but also on vertical social 
differences, with the emergence of a new leadership mechanism in which the “chief” of 
a community increased his prestige (it was supposed to be exclusively a male) due to its 
position in the lineage and its role in war. Moreover, it has been suggested a common 
tendency towards demographic concentration in larger settlements, whose consequence 
would be the birth of the first proto-towns during the early phases of the Iron Age in the 
first half of the 1st millennium BC in Northern Italy. 
In the light of such a situation, the 2nd and the beginning of the 1st millennia BC can be 
defined in terms of technological change and the gradual development of social 
differentiation, in a trajectory originated at the same moment than a productive 
economy started (in the Neolithic), and ended with the beginning of state systems 
(Yoffee 1979; Guidi 2000). 
Traditionally, the beginning of Iron Age in the 1st half of the 1st millennium BC has been 
defined by the introduction of a new raw material and a new technique for its 
elaboration. However, the adoption on a large scale of iron metallurgy was not an abrupt 
change but it was a slow and gradual process characterized by different phases (Pons 
1989; Stöllner et al. 2003; Giardino 2005; Pare 2008; Brun et al. 2009). The first 
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sporadic finds can be dated to the Late Middle Bronze Age in the Central Mediterranean 
with the already mentioned ring, which could be have been made of meoteoritic iron as 
it has never been analyzed, collected in the cemetery of Castelluccio di Noto, dated 
before 1500 BC, and two square rods from a tomb at Thapsos containing a Mycenaean 
III A vessel, both in Sicily (Giardino 2005). The arrival of such objects has to be linked 
to the Aegean and Eastern Mediterranean routes, which could explain such an early date 
for the occurrence of iron objects. To the beginning of the Middle Bronze Age and the 
Late Bronze Age can be possibly dated the iron rings found in the terramare of 
Gorzano, in the Po valley (Northern Italy), a more precise date is impossible to obtain 
(Giardino 2005). In central Europe first irons can be dated slightly later, to the 12th c. 
BC (Brun et al. 2009). In any case, the adoption at the beginning did not affect all the 
spheres of the social and economic system (Pons 1989; Pare 2008). At the very first 
moment of its apparition iron was considered an element with supernatural or magic 
properties, becoming common among the social elites for the military equipment and 
for ornaments and objects for personal use. Only starting from the end of the 6th century 
BC, iron became usual for the production of craft tools. And only in the 4th and 3th c. 
BC iron was a common metal for the manufacture of agricultural tools (Pons 1989; 
Brun at al. 2009). 
The iron metallurgy represented a major social, cultural and economic discontinuity 
beyond a mere change in raw material or technology. Bronze metallurgy needed a social 
network of raw materials exchange of a very particular type in order to control the 
circulation and routes of copper and tin from the mining districts to the areas where 
manufacture took place. Iron, on the contrary, is a metal with a wider diffusion in 
Europe, and hence, with an easier accessibility, although it requires a know-how of 
higher complexity and greater investment in means of production: it melts at higher 
temperatures, and it requires higher quantities of fuel and much more labor than bronze 
smithing. In fact, the melting point of iron is 1573°C, even though at 1150-1200°C 
bloomer iron is produced by smelting iron oxides ores into sponge metallic iron together 
with slag (Maddin 2003; Giardino 2005).  
In the light of such discussion it is clear that the Bronze Age to Iron Age transition 
cannot be identified as an event with a common punctual location in time. Moreover, 
such a transition cannot be caused by only a single factor as iron, nor it cannot be 
conceptualized as located at a particular point in time or space. As, it was already 
highlighted at the end of the eighties by Sørensen and Thomas (1989) “The transition is 
47 
 
an expression of change, but changes have to be appreciated as the result of the ways 
people lived and their interactions with each other and the environment”. 
As an outcome, when we refer to the term “transition” between Late Bronze Age and 
Iron Age we want to avoid the old definition, i.e. just a change in metallurgy and 
smithing, but we want to take into account the continuous increase in social and 
economic complexity since the beginning of using this technological innovation, which 
led to an important transformation in the social system as a whole. We speak about 
“transformation” because it is not a mere feature that signals the shift from a period to 
another. Archaeological division of phases is a human construction, whose purpose is a 
simplifying the quantitative description of time in a qualitative way. Following the 
reasoning by Christopher Pare, we may argue that the transition from one phase to the 
next can be defined, by changes in fashion, for example, in fibula construction and style 
of pottery decoration. By contrast, the transition from one period to the next is 
characterized by transformation in all aspects of life – not just change in fashion and 
ornamentation (Pare 2008, p. 69). 
From that, we can argue that the introduction of iron did not represent just a change in 
technology, but a change in the social and economic strategies, in particular concerning 
the circulation of goods, ideas and probably of people. Phenomena of discontinuity and 
continuity, regarding the settlement pattern and the funerary rite, are an inner 
characteristic of every historical period. When we have a correspondence in space and 
in time detected for the discontinuities we could probably employ the term “transition” 
in order to define such a particular period. In any case, the intensity of the transition can 
vary from one place to the other and from one time to the other. For such a reason the 
Bronze Age-Iron Age transition has not to be taken for granted, but it needs constantly 
to be  considered in order to understand deeper its historical relevance. It follows that 
we must never regard the history of any society as a succession of “frozen” phases. 
Bronze Age society was not followed by an Iron Age society and this latter one did not 
“collapse” at the end of its vital cycle. Any kind of human society is a dynamic 
organism which suffers from a steady transformation because of the everyday newly 
born tensions and contradictions, even though it can take them centuries to appear in 
social and/or economical behavior (Barcelo 1999). 
 
At the end of the 2nd half of the 2nd millennium BC, European regions seem to share a 
common cultural background on the basis of archaeological knowledge. Such a cultural 
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koiné is testified by the wide-spread of Urnfield complexes, which cover a wide 
territory from the Balkans to the Iberian Peninsula. Such an apparently homogenous 
picture in less than 400 years lead to the arise of a large range of cultural trajectories 
well distinguishable in their own individuality. Such trajectories were responsible of the 
developing of the Iron Age regional cultures and human groups, with the social, 
political and cultural identity made up by language, traditions and beliefs, which 
characterize them. 
Hence, how in a common cultural background so many processes of social 
transformations could have taken place? But first, we have to answer to another 
question, which is perhaps the main one. Which are those processes of change and how 
we can identify their intensity both in space and in time? 
As the iron metallurgy was not enough for describing a transition we need to take into 
account other phenomena, like changes in the funerary rite, in specific pottery 
typologies and in settlement patterns. 
 
 
 
3.3 The so called Urnfield culture: cremation burials and new pottery 
typologies 
 
One of the main archaeological phenomena of European Late Bronze Age is the spread 
over a wide area of the so called Urnfield culture. The magnitude of such an event was 
so high that the term Urnfield has frequently been used as chronological concept, as a 
synonymous of Late Bronze Age. In any case, in this section we refer to a phenomenon 
formed by different components which were included, sometimes according to a too 
simplistic view, under the same scheme. The chronological debate about 
Urnenfelderzeit has been treated in the chapter 2. 
With the term Urnfield culture or Urnenfelderkultur in the German terminology we 
mean the diffusion of a “new” grave type and a funerary ritual with the cremation of 
bodies and placing of their ashes in urns as the main characteristic. The long term 
deposition of urns for more than a single generation led to the formation of extended 
cemeteries with a high concentration of burials (Müller-Karpe 1959; Sperber 1987). The 
accepted chronology of this “new” burial practice comprises a large period between the 
BzD and HaB3 conventional phases (Kossack 1954; Kossack 1955; Müller-Karpe 1959; 
Holste 1962; Teržan 1999). 
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The first scholar writing about “urn fields of the Bronze Age” was probably Otto 
Tischler in 1886 (Probst 1996, p. 258). It was around the end of the 19th century and the 
beginning of the 20th century, with the ever-increasing discovery of cemeteries formed 
by cremated remains in urns, when cremation started to be considered as the dominant 
burial practice during Late Bronze Age. The discussion was led by personalities like the 
Swedish archaeologist Oscar Montelius (1885, 1903) and the Danish paleontologist 
Sophus Müller (1897). According to the historical traditions at that time, in a socio-
political background that tended to look for the origins and roots of modern population 
in a remote and often “sacralized” past, urnfield were interpreted as the material 
evidence of a supposed Urnfield society, whose main feature was the adoption of a new 
funerary ritual. Despite the association between one ethnos (a coherent social and 
cultural entity) and material evidences recorded in the archaeological record was a quite 
usual at the end of 19th century, some archaeologists, like Ingvald Undset (1882, p. 132) 
strongly asserted the lack of relationship between this cultural practice and a distinct 
historical period or an individualized “population” (Stig Sørensen & Rebay-Salisbury 
2008). 
At the end of the first half of 20th century, researchers like Wolfgang Kimmig started to 
approach the phenomenon in a global European scale. He was probably the author of 
the first studies of urnfields in Baden (Southwestern Germany) and in France (Kimmig 
1940, Kimmig 1951, De Mulder et al. 2008). The result of those early investigations 
was that the oldest urnfields appeared to be those found in Central Europe, in the 
Carpatho-Danubian-Balkan region (Schauer 1975). From there, the burial practice 
would have “expanded” in waves to the Western, North, South and South-Western 
regions during the Hallstatt period, which was characterized by an intense demographic 
growth, as evidenced by the increase in the number and size of settlements and 
necropolis (Fig. 6). In fact, “it was assumed that similar forms of material culture in 
different geographical areas must have had a common source, hence cultural change is 
seen as a result of diffusion rather than evolution (Sklenář 1983, p. 146)” (quoted by 
Stig Sørensen & Rebay-Salisbury 2008, p. 62). The result of such waves of expansion 
would have led to the spread of both cremations burials and certain types of metallic 
and ceramic objects, such as ornaments, weapons, and pottery decorations. Wolfang 
Kimmig in his article Seevolkerbewegung und Urnenfelderkultur had started proposed 
this hypothesis, connecting the expansion of Urnfield culture peoples with the attack 
committed by the so called Sea Peoples in the Eastern basin of the Mediterranean in the 
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12th century BC (Kimmig 1964). According to this line of reasoning, the Urnfield 
culture of central Europe and in particular in the regions located north of the Alps 
developed as a result of the arrival of human groups from Eastern Europe and their 
interaction with local population (Kimmig 1952, De Mulder et al. 2009). According to 
this perspective, the archaeological record located in the Middle Danubian Valley was 
interpreted as the result of a migration of people that could be identified with the 
Lusatian culture, as proposed by Gordon Childe years ago (Childe 1929). Childe, who 
strongly defended the importance of movements of people and cultural influences, 
assumed a triple origin for the Hungarian and North Alpine Urnfield volk: 1) as 
descendants of an autochthonous population, 2) due to invasions, or 3) a combination of 
the two hypothesis (Childe 1929). He finally theorized that cremation burials were 
introduced from Greece not by a mass migration but by missionaries, chieftains or a 
conquering aristocracy (Childe 1950). 
In the same years, a fervent debate about the origin and the spread of Urnfields was 
animating by the Catalan archaeologist Pere Bosch Gimpera. He introduced the term 
Campos de Urnas to characterize the archaeological record of the first Iron Age in 
Northeastern Iberian Peninsula (Catalonia), referring to a “Culture of the urns” in 
analogy with the Urnenfelderkultur from Southern Germany (Bosch Gimpera 1919; 
Ruiz Zapatero 1985). Evidence for the existence of Urnfield burials in the North-
Eastern part of Iberian Peninsula were the necropoles of Les Obagues de Montsant, and 
El Calvari del Molar, both in the Southern part of Catalonia, around the Ebro Valley, 
studied by Salvador Vilaseca i Anguera at the end of the first half of the 20th century 
(Vilaseca 1943; Vilaseca 1947). The theory of an invasion from the Central Europe to 
the Southwestern part of Europe gained agreement among Spanish historians and 
archaeologists. The arrival of a new population, whose ethnic origin was often described 
as Celtic, would explain the first apparition of a ritual practice unknown in the area until 
this period, and would be useful for understanding the chronological position of some 
pottery and metallic typologies. In particular pottery decorated with grooved motifs 
(acanalados) has been traditionally linked with the diffusion of Urnfields (see chapter 
5.3.2.2). This kind of decoration, formed by large flat grooves decorating the exterior 
and the interior part of vessels, especially funerary urns (Vilaseca 1954; Almagro 
Gorbea 1977), was considered as a proof for the arrival of the new people. 
 
 Fig. 6 – The region of formation of the first 
 
The main debate in North-Eastern Spain, till the ’60 of the last century was focused on 
the number of possible invasions from central Europe. The positions were mainly two, 
the first one, by Bosch Gimpera and other archaeologists (“the Catalan school”), wh
maintained the idea of a series of invasions, like 
defended by the Spanish archaeologist Martín Almagro Basch, who identified the 
existence of only one invasion for explaining the phenomenon (
1952; Ruiz Zapatero 1985). In the ’70s, this “invasionist” hypothesis lost part of its 
acceptance. An invasion could explain the first appearance of some archaeological 
features, but not the posterior development, which would be explained better according 
to an autochthonous evolution. This new hypothesis was the consequence of a far 
greater number of archaeological excavations on a wider scale, which revealed the 
existence of differentiation at a regional scale (Almagro Gorbea 1977).
It the ’80s, and thanks to the
the term “group Rhin-Suisse
central European cultural influences in Late Bronze Age sites from Eastern France. It is 
important to remark that such
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the definition of Urnfield culture (Bourgeois 1989; De Mulder et al. 2007). In any case, 
far from the invasionist hypothesis, Patrice Brun shifted emphasis from migrations to a 
socio-economic interpretation of the changes observed in the LBA archaeological record 
(De Mulder et al. 2008). The geographic location of the RSFO group includes a wide 
territory which covers part of Southern Germany, Switzerland and northeast France. 
From these regions, the RSFO group would have expanded through movements of 
population in a northern-west and south direction (Fig. 7). In this latter case, the 
communication axis was located along the valley of the river Rhone (Lachenal 2011a). 
The main archaeological features of such a group are the occupation of open-air sites, 
the bronze deposits and the use of cremation burials (Brun 1989). The period of its 
development correspond to the traditional phases Bronze Final 2b and 3a in the Hatt’s 
chronological scheme, which correspond to Hallstatt A2 and B1 in the Müller Karpe 
chronological framework (Lachenal 2011a). 
 
 
Fig. 7 – The expansion of the Rhin-Suisse-France orientale (RSFO) group during phase 2 of LBA. The 
areas A and B represent the core areas from which the group RSFO spread over northwestern Europe 
(Source: Kristiansen 1998b; De Mulder et al. 2009). 
 
Traditionally the first arrival of the Urnfields in the Iberian Peninsula was considered to 
be from Southern France, following a terrestrial way, through the Eastern Pyrenees. In 
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fact, it is undeniable that autochthonous population living in the Southwestern part of 
the actual France played a relevant role in the diffusion/transmission of new cultural 
elements from North Alps towards the other side of the Pyrenees. Relationships between 
the Iberian Urnfield groups and those linked with the RSFO are attested by the presence 
of similar decoration and pottery typologies, like urn with cylindrical neck (Neumaier 
2006), traditionally used as a time marker (Guilaine 1972; Pons 1984). In the ’90s, Jordi 
Rovira i Port (1991), after determining that the oldest Urnfields were located in 
Catalonia along the middle and southern coast, proposed a maritime arrival for the 
Catalan cremation burials, which would be dated around 1300/1200 BC. The 
phenomenon was interpreted in terms of the arrival of small groups, which would have 
expanded later towards the interior of Iberian Peninsula. 
Nowadays, the focus on the still called Urnfield culture has slightly moved towards 
other topics. The identification of the original Urnfielders has been a widely debated 
topic among the scholars; various hypotheses have been addressed (Illyrians, Celts, 
Dorians and Thracians). In recent times, the possibility that Urnfielders could have 
originated from different tribes with various ethnicities has also been taken into account 
(Kristiansen 1998b; Kristinsson 2010). Kristiansen (1998b) stressed that for the period 
1100-750 BC a global tendency towards settlement concentration, demographic growth 
and social-political hierarchization. Moreover, he observed that these processes have an 
East to West trend. The expansion of Urnfielders during the Ha A2 and the Ha B1 was 
mainly from the RSFO region to the north-east and the south-east (Fig. 7) (Kristiansen 
1998b). 
In general, a greater attention distinguishing the different components of the 
phenomenon can be recognized in recent studies. Instead of taking into account the 
Urnfield culture as a homogenous process, it is decomposed in single features analyzed 
individually. For instance, several differences in the typology of the cremation burials 
have been recognized: 1) with urn, 2) urnless, where calcined bones are covered by the 
ash and the charcoal of the hearth, 3) urnless, where calcined bones are mixed withby 
the ash and the charcoal of the hearth (brandgrube). In some other cases, a small mound 
covered the tomb, as attested in the cremation burials which can be dated to a phase of 
transition between the “Tumulus culture” (Hügelgräberkultur) characteristic of Middle 
Bronze Age in Central Europe and the Urnfield culture of the Late Bronze Age. It is 
relevant the fact in the BzC and the BzD phases in Styria (Austria) cremated bones 
appear in flat graves, and cremations burials under tumuli are documented in only three 
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cases (Tiefengraber 2007b; Ložnjak Dizdar 2011). The result of such archaeological 
variability is the need to argue for the development of innumerable regional and local 
expressions and specific forms (Teržan 1999; Przybiła 2009). 
The diffusion of fluted pottery, a widespread kind of pottery characterized by a fluted 
decoration which can cover either the external surface or the internal one (see chapter 
5.3.2.2), which traditionally was linked with the expansion of Urnfields, to the extreme 
that this archaeological type was seen as a synonymous of the oldest Urnfields 
(Almagro Gorbea 1977), has been recently considered as the consequence of 
autonomous processes (Ruiz Zapatero 1997; Neumaier 2006; López Cachero 2008). It 
is interesting to note that, for example in Catalonia, previous forms of settlement and 
burial practice, and older traditions of pottery decoration and metallurgical types (the 
local substratum) did not disappear simultaneously with the first presences of Urnfield 
items. On the contrary, in Central Europe, older traditions of pottery making and 
metallurgy seem to disappear at the end of the conventional phase BzD (Neumaier 
1995). 
A particular care needs the analysis of funerary remains and related archaeological 
contexts of the Italian Peninsula during the Late Bronze Age. Although traditionally the 
presence of Urnfields has not been a widely debated topic in the archaeological 
literature, there are several elements which can be linked to the phenomenon, first of all, 
the funerary ritual. Cremation burials in urns are largely attested from the end of the 
Middle Bronze Age in Northern Italy and they become a common phenomenon during 
Late Bronze Age (Vannacci Lunazzi 1971; Salzani 1985, 1994b; Venturino Gambari & 
Villa 1993; Cardarelli 1997; Tirabassi 1997; Gambari & Venturino Gambari 1998, 2012; 
Cardarelli et al. 2003, 2006; Salzani 2004; Simone Zompfi 2005a, 2005b). We can 
mention the necropolis with cremation burials of Canegrate in Lombardy, which gives 
the name to the homonymous archaeological facies spread also in Piedmont and Canton 
Ticino. As a consequence of Bosch Gimpera’s works, the influence of the Urnfield 
world in Northern Italy were recognized in 1963 by F. Rittatore Vonwiller (1963), who 
proposed an invasion of Urnfielders along the axis of the Ticino, after the analysis of the 
Canegrate culture remains. 
De Marinis (1988) proposed to place in the Middle Bronze Age, specifically in the 
phase BM2, the introduction in Italy of the cremation burial practice, following Urnfield 
characteristics. In Piedmont and Liguria, the introduction of cremation rite would have 
coincided with an apparent phase of mixed rite (inhumation and cremation). Those 
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oldest cremation burials (perhaps originally under tumuli), like those discovered at the 
necropolis of Alba (Cuneo) had an inner organization different from the usual 
disposition in transalpine Urnfields and in cemeteries of the Canegrate culture 
(Gambari & Venturino Gambari 1998). Such difference has been explained in terms of a 
“progressional development” of new elements, instead of a sudden arrival (“invasive”) 
of Urnfield elements in Northern Italy as a consequence of migration (Gambari & 
Venturino Gambari 1998, p. 245). 
It is also important to remember that incineration is one of the main elements of many 
other cultures of Northern and Central Italian Peninsula around the same time. For 
example the Veneto culture in the Northern Adriatic and the Golasecca world in the 
Italian regions of Lombardia and Piemonte. Without any doubt, the most significant 
presence of incineration is in the proto-Villanovan period in the Apennine peninsula. 
The incineration of bodies and the placing of the ashes in a biconical urn is perhaps the 
most distinctive feature of such archaeological culture. According to a recent study 
(Kukoč 2010), the oldest presence of a cremation burial among the communities 
established in the South-Western part of the Adriatic coast coincided with the 
disappearance of local Subapennine culture. New elements of proto-Villanovan culture 
were introduced during the 11th century BC, as the findings in the archaeological 
excavations at Torre Castelluccia in Apulia suggest. Evidence of proto-Vilanovian 
contacts would be the cremation burials of the necropolis of Sala Consilina, Capua and 
Pontecagnano in Campania. Therefore the introduction of incineration in Southern Italy 
could be explained by movements both from the proto-Vilanovan regions and the 
Danube area across the Balkans and the Adriatic Sea (Kukoč 2010; Blečić Kavur 2011). 
 
 
3.4 From East to West and the other way around 
 
The name “Celts” first appeared among Greek writers, with Hecataeus of Miletus who, 
in the 6th century BC, mentioned Marseilles as being near Celtic territory (Dillon & 
Chadwick 1967). Herodotus in the 5th century BC referred to the people north of Hellas 
as the Κελτοί “Keltoi” (Wells 2002). Julius Caesar in its firsthand account on the Gallic 
Wars (De Bello Gallico) uses the name, claiming that, although the Romans used the 
name Galli (Gauls) in their own language, they are called Celts (Cunliffe 2003; Temple 
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2010): “Gallia est omnis divisa in partes tres, quarum unam incolunt Belgae, aliam 
Aquitani, tertiam qui ipsorum lingua Celtae, nostra Galli appellantur”.  
Traditionally, Celts were a group of societies joined by the use of the Celtic languages 
and a similar culture. Karl (2010) suggests that "a Celt is someone who either speaks a 
Celtic language or produces or uses Celtic art or material culture or has been referred to 
as one in historical records or has identified himself or been identified by others as 
such". 
The major source of information about the area of diffusion of Celtic languages and 
Celtic Peoples are the classical texts. According to Herodotus (Histories 2.33) “the big 
Danube (Ἴστρος in ancient Greek) has its source among the Celts near Pyrenees - the 
Celts live beyond the Pillars of Hercules (Gibraltar) next to the Cynesians who are the 
most Westerly people of Europe". 
In the 4th c. BC the Greek geographer Pytheas comments on the location of the British 
Isles as being "North of the land of the Celts".  
Another Greek geographer Pausanias, who lived in the 2nd c. AD, tells us that the Gauls 
"originally called Celts live in the remotest region of Europe on the coast of an 
enormous tidal sea. Okeanos (the River of Ocean which surrounds the world) is the 
most distant part of the sea - the people who live beside it are Iberians and Celts - it 
contains the island of Britain. The remotest Celts are called Kabares who live on the 
edges of the ice desert - a very tall race of people." In this case, we have a reference of 
two major areas under Celtic influence - Gaul (France) and Iberian Peninsula (Spain and 
Portugal). 
Nowadays we know that the languages spoken by Celts can be rooted in the so called 
Indoeuropean languages. Celtic languages were spoken in Roman republican times in 
Northern Italy, France, Britain and parts of Iberian Peninsula (Fig. 8). 
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Fig. 8 – Distribution map of Celtic languages (Source: Mallory & Adams 1997). 
 
But what are the origins of the Celts, geographically and temporally? 
We can stress that the importance of Celtic culture for our research derives from its 
connections to the previous cultures that inhabited Europe, among which the most 
outstanding for its macro-scale distribution was the already treated Urnfield culture. 
Analyzing the major Celtic cultural area, we realize that it includes a large territory 
located in the Alps of Central Europe. According to the traditionally theory from this 
region Celts would have expanded toward southern, northern and western regions (Fig. 
9). Such a process has been traditionally dated to the Iron Age, La Tène phases in the 
Reinecke chronology (Powell 1958; Rankin 1987; Moscati et al. 1991; Ruiz Zapatero & 
Lorrio 1999; Kruta 2000; Temple 2010). 
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Fig. 9 – Distribution area of the Celts (Source: Kruta 2000). 
 
Another theory has been recently proposed by Cunliffe (Cunliffe & Koch 2010), who 
made a revision of the tradition paradigm of Celts from the east. He suggested an 
alternative proposal for the origins of the Celtic speaking peoples of Europe. After the 
analysis of the processes of interaction and exchanges, which characterized the Atlantic 
facade during the Bronze Age (Cunliffe 2001), Cunliffe argued that technological 
innovations and new forms of material culture did not necessarily follow an east-to-west 
diffusion pattern. Therefore, he addressed the possibility of the western development of 
the Celtic languages, as a result of long-term interactions along the Atlantic coast. As a 
consequence, Cunliffe stressed that Celtic trade languages could have developed in the 
Atlantic Zone and moved eastward. 
Nevertheless, some areas where “Unrfield culture” is traditionally attested, for instance 
Catalonia, are not included in the Celtic world, the analogies between the spatial 
distributions of Celts and “Unrfield culture” are clear; hence a relation between the two 
phenomena could be suggested. Doubtless, the Pre-Celtic groups who inhabited Europe 
at the end of the Bronze Age and at the beginning of Iron Age are contemporary to the 
phenomenon of cultural standardization testified by the macro-scale diffusion of 
cremation burials and specific pottery and metallic typologies. 
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Therefore, we could ask if the material consequences of population movements at the 
end of the Bronze Age and at the beginning of the Iron Age lead to a preliminary 
formation of pre-Celtic entities. 
Such a topic is an old problem, already addressed in the first half of the last century by 
the Catalan archaeologist Bosch Gimpera (1932, 1942), who identified the Celts with 
the Urnfield culture of the north-east of the Iberian Peninsula. He suggested the 
existence of various invasions to explain the Celtisation in such an area. 
Moreover, regarding Celtic languages, Koch (2006, 2008) assumed that they should 
come from a single common branch spoken in Bronze Age, if not earlier. According to 
such a perspective, Rankin (1987) stressed that the differentiated Celtic languages that 
ultimately spread across the Europe emerged out of the Urnfield complex. 
As a consequence the two phenomena, the space-time diffusion of Urnfield contexts and 
the space-time diffusion of the Celts, need to be studied using the same approach. We 
are aware that Bronze Age is characterized by long-term processes of spreading of 
people and ideas, which reached a high magnitude in the LBA. Hence, we wonder if 
those episodes can be linked to the spatial distribution of Early Iron Age Celtic people. 
Perhaps, we cannot find a definitive solution for such an issue, but we can model 
processes which took place in last phases of Bronze Age, which are the main subject of 
this work. 
The idea of expansion is strictly linked to three possible hypotheses: the substitution of 
population, the adaptive hypothesis and the socio-political hypothesis. 
The first one can be interpreted as a result of one or more episodes of migrations, which 
could have lead to a gradual replacement of autochthons populations by the new ones. 
The adaptive hypothesis embraces all those processes which lead to one or more 
episodes of people movement caused by a lack in the available resources. Such a 
decrease in resources can be caused either by a deterioration in climatic conditions or by 
the excessive human exploitation in a specific territory. 
The third hypothesis deals with the socio-cultural and political conditions, which 
include ideological beliefs, political structure, trade organization, all elements that 
represent the backbone of past and present societies. In this case, more than episode of 
massive migration of population we should talk of movements of persons, objects, 
materials and ideas. 
In this thesis we want to test the three mentioned hypotheses for the 2nd and the 
beginning of the 1st millennium BC on the base of the archaeological record. 
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3.5 The Substitution of populations hypothesis 
 
Traditionally, the increase in population has been correlated to the phenomena of 
expansion and often regarded as a major cause for people movement. An episode of 
substitution of population would be characterized by an episode of massive 
demographic growth and a migration of such a large number of people from a place x1 
to a place x2. Depending on the magnitude of such a phenomenon the new population 
would have replaced the previous one, and such an abrupt change should be detected. 
Nowadays we can study the effects of the substitution of population. In this framework, 
the most widespread tools which allow to detect such changes are the paleolinguistic 
reconstruction and the study of genetic markers. Trough these methodologies we can 
infer the characteristics of the expansion process, like the place of origin and the rate of 
spread both in space and in time. 
 
 
3.5.1 Linguistic data and paleolinguistic reconstruction 
 
Language and its evolution along time constitute an important source of information to 
study developments of present and past populations. One of the main aims of linguistic 
studies is to define the origin of modern languages analyzing their roots and the events 
of splitting having generated divergences detectable in modern vocabulary, for instance 
by calculating the extent to which vocabularies of different languages and dialects 
appear to be statistically diverse. This approach can be defined “lexicostatistics” and it 
is based on the quantification of such divergences through the analysis of the percentage 
of terms shared from two or more languages (Bryant et al. 2005). In this ways languages 
can be organized in groups and subgroups according to these criteria. 
It has been suggested the possibility of measuring the degree of "cultural" distance 
between individuals from different human populations from the varying linguistic 
similarity of their dialects. The linguistic diversity observed here and now is assumed to 
be the cumulative result of a sequence of changes and mutations experienced by a 
presumed previous common language from which the currently spoken comes from. 
The greater or lesser similarity between modern languages is assumed to be a function 
of the time they diverged from a common ancestral language. In other words, the more 
words and grammatical structures have in common two languages, the closer the 
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historical relationship and therefore the more likely both come from a common ancestor. 
As the number of common linguistic features decrease, the similarity and 
understandability of each language also decrease. Values between 5 and 12% of 
common elements lead linguists to assume that it has been some connection in the past 
between those languages (Campbell 1998; Hock & Joseph 2009; Pagel 2009). 
Glottochronology is a technique to calculate the temporal separation or divergence 
between languages that are supposed to be relatives. Using this method it seems 
possible to estimate the date at which two or more languages formed a single unity. The 
method is based on the percentage of words or cognates replaced by other words along 
time. The result is often a tree structure (dendrogam), wherein each branch is interpreted 
as the time at which a significant change in the proportion of traits in common was 
generated (Swadesh 1972; Embleton 1986; Ringe 1992; Nichols 1997; Atkinson et al. 
2005; Dunn et al. 2005; McMahon and McMahon 2005; Holman et al. 2008). The 
rationale of the method derives from common assumption that population isolation 
leads to linguistic and "cultural" diversification (Cavalli Sforza 1997). It seems well 
proved that those languages related historically as a result of physical interaction of 
speakers are structurally and lexically more similar to those in which speakers were not 
connected and were also more geographically distanced (Nichols 1997; Holman 2004; 
Holman et al. 2008) . The probable relationship between genetic distances and linguistic 
distances and hence of “cultural” differences is the fact that human populations (and 
therefore languages) “move” in a predictable way on particular geographical, economic 
and social contexts. Therefore, the genetic distances between populations can be related 
in some way to the degree of statistical differentiation between the languages spoken by 
these people. Biological and “cultural” similarity then decrease as the degree of 
involvement between people (social interaction) decreases as a result of an increase in 
the geographical and temporal distance. 
The problem is that the basic evolutionary premise - the higher degree of similarity, the 
lesser time has elapsed since differentiation started - works only when the process is 
assumed to be stochastic. That is to say,  
 
1. the rate of change (genetic mutation, lexical substitution, cultural change, 
technological innovation and / or political transformation ) is approximately 
constant, especially considering very long periods of time, 
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2. the rate of change (genetic mutation, lexical substitution, cultural change, 
technological innovation and / or political transformation ) is approximately 
uniform across all languages, 
3. Once separated two languages or other cultural trait in a taxonomic tree, they 
cannot rejoin, i.e. do not return to exchange traits. 
 
These assumptions may be valid when the action of the individual has been unconscious 
and it can be represented stochastically. When we introduce the possibility of rational 
decisions (either in a global sense, logical, or limited to opportunities for local decision, 
that is, a limited or heuristic rationality of social actors), the assumption of a more or 
less constant rate of linguistic change between generations is not sustainable. 
Only in the case that the processes of change (macro scale) had been in Bronze Age 
Europe sufficiently constant over time, we may come to accept that the degree or 
intensity of similarities and differences observed in the linguistic present adequately 
measure the time occurred since the beginning of the process that led to the present 
differentiation. If that were the case, then we could infer the possible existence in 
Bronze Age (or even earlier) of a series of population fission events (segregation), 
processes of expansion into new areas, and/or isolation of some populations with 
respect to an initial homogenous population or fairly similar populations (Cavalla-
Sforza 1997, 2002; Cavalla-Sforza et al. 1993). 
Obviously, the relationship: higher cultural difference between different 
populations…the longer time since original group fission would be proportional only if 
it was shown that aggregation or other events of social union (exchange networks, 
military conquest, acculturation, etc.) have not taken place. One of the key issues is to 
find the relationship that may have existed between linguistic diversity and the forces 
and processes that have produced this variability throughout history. Part of the answer 
is related to the genetics of human populations (fission and /or fusion of biological 
communities), but also the mechanisms of learning and cultural transmission between 
successive generations of a population. In this sense, human languages are shaped by 
genetic, communicative and social factors simultaneously, resulting in different 
solutions to similar problems, as well as a contingent variation (Eddie 2009). 
 
Differences between modern European languages have been carried out in 
Indoeuropean studies. The term “Indo-European” was first introduced by Thomas 
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Young in 1813 (Lebedynsky 2011). During the 19th century several researchers started 
to describe accurately the various modern languages that were assumed to have a 
common origin: Albanian, Anatolian, Armenian, Baltic, Celtic, Phrygian, German, 
Greek, Sanskrit, Iranian, Italic, Slavic, Tocharian and Trace. The aim was to identify 
and to reconstruct the original mother language: “Indo-european”. From the beginning 
of such investigations, scholars argued that the ancient Indoeuropean was the language 
spoken by a quite homogeneous ethno-cultural group, Indoeuropeans, who spread over 
a large territory from the same place of origin. The historical process was not very clear, 
but most studies agreed in identifying a linguistic feature with an ethnic or at least a 
cultural connotation. In fact, as Dumézil stressed (1968), the common language could 
be conceived without any unity of race and without political unity but not without a hint 
of common civilization, and intellectual civilization meant for those scholars, religion as 
well as material culture. 
In order to define a chronological period for the original bifurcations of the 
Indoeuropean proto-language, researchers applied glottochronological criteria (Swadesh 
1972). The result highlighted that the separation between the different Indoeuropean 
branches should be placed between 4500 and 3500 BC (Lebedynsky 2011), which 
correspond to the end of the Neolithic and the Calcolithic in Europe. Despite of such 
studies, Renfrew connected the expansion of the Indoeuropean languages to the process 
of Neolithization (Renfrew 1987). According to this author, agriculture and 
Indoeuropean languages would have been introduced from Anatolia following a wave 
of advance model. On the contrary, according to other authors, and based on the idea of 
a presumed continuity of deep cultural elements since Paleolithic times, Indoeuropean 
languages would have been the result of a series of events of differentiation among 
autochthonous communities (Meinander 1973; Otte 1995; Alinei 1998, 2002). 
The hypothesis introduced by Marija Gimbutas deserves a particular attention 
(Gimbutas 1967, 1977). The famous Lithuanian scholar identified first Indo-Europeans 
with the people belonging to the “Kurgan culture”, who developed in the area of 
modern Ukraine and Southern Russia in the 5th millennium BC. From this area they 
would have expanded according to a three waves of migration system to the western and 
south-western territories. 
Among the Indoeuropean languages, we need to focus on Celts, as it is related to the 
topic of our research. 
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We are aware that Celtic languages were spoken in Roman republican times in Northern 
Italy, France, Britain and parts of Iberian Peninsula. Moreover, archaeological finds 
have the existence of text written in Celtic languages, whose oldest evidences can be 
traced in the Early Iron Age. For the 6th c. BC we refer to the Lepontic inscriptions 
recovered in Northern Italy around the Lake Maggiore and Lake Como, and in Southern 
Switzerland near Lugano. The early Lepontic phase coincides with the last period of the 
archaeological Golasecca culture (De Marinis 1991; Frey 1995; De Marinis & Biaggio 
Simona 2000; Uhlich 2007; Stifter 2008). In addition, recently Kock (2009a, 2009b, 
2013a, 2013b) stressed that the Tartessian inscriptions located in the Southern-West of 
Iberian Peninsula are in a Celtic language and can be dated back to 800 BC.  
Although they are now dead languages (except for residual languages in Britain), they 
are assumed to come from a single common language spoken in Bronze Age, if not 
earlier (Koch 2006, 2008). Isaac (2004) suggested an eastern European origin for the 
development of proto-Celtic based on the amount of innovative morphological 
characteristics which are shared by Celtic and Eastern Indo-European languages (Indo-
Iranian, Baltic, Slavic, Greek, Tocharian, and Albanian). According to such a 
perspective, as already mentioned Rankin (1987) stressed that the differentiated Celtic 
languages that ultimately spread across the Europe emerged out of the Urnfield 
complex. It would be logical to assume then, for Late Bronze Age in Central and 
Western Europe the formation of a mosaic of relatively little differentiated languages, 
despite the possible lexical differences, spoken in particular geographic areas well 
differentiated. Various processes may have produced this result. For Nichols (1997, 
2008) this would indicate the dominance of small scale economic systems in which a 
particular group of speakers of some language could not expand at the expense of 
another (and to the detriment of the language spoken by that group). Nettle (1999a, 
1999b, 1999c), however, suggests that a low linguistic diversity - as it is presumed for 
the group of Celtic languages - would have been caused by the small number of 
speakers per language and would have affected the proportion of lexical change, so that 
the ancient languages known from Latin sources, appear more related to the original 
languages from which they come. Bellwood (1994, 1996, 2008) has suggested that high 
lexicostatistics correspondence between a proto-language and its derivatives suggests a 
lower apparent age of linguistic differentiation, what implies less time for its population 
grew and expand to neighboring areas. Contrary to this assumption are Campbell (1998) 
Holman (2004), Hunley et al. (2007), Currie and Mace (2009). 
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In prehistoric Europe, as in any other region and period, languages may have expanded 
in two possible ways. 
1. Speakers of a language can expand to another area 
2.  A linguistic change occurs when different populations of people adopt a new 
language. 
Without the kind of cohesive force of complex state-like political institutions, in Late 
Bronze Age Europe residential mobility would have tended to the fragmentation of 
social groups. In these circumstances, languages tend to change rapidly, not only 
because of the geographical isolation but accentuated by the use of language as a form 
of group identity. Therefore, it may be suggested that linguistic homogeneity (proto-
language) could not have lasted long. 
The geographic isolation caused by landscape variation and topographic barriers is not 
necessary a major factor in determining the area covered by each language. Cultural 
economic, political, and social separation may have been more important. Any human 
group can create its own borders that limit social interaction, exchange of words and 
information. A more logical explanation of why some Celtic languages seem to be more 
circumscribed than others may be in the difficulty of human groups with no central 
authority to prevent social fission, i.e. the separation of individuals who prefer to find 
their livelihood outside the group where they have birth, or joining a different 
community. 
Such mechanisms of isolation and expansion are also detectable in the Iberian Peninsula 
where a local variation of a Celt language (celtiberian) is attested in many inscriptions 
from 6th century BC onwards. Two main theories for the origin of this language people 
have been proposed. The first one assumes the arrival of the first Celtic peoples from 
Central Europe following one or various migratory movement toward Western and 
South-Western Europe (Almagro 1935, 1952; Powell 1958; Pauli 1980, Renfrew 1987). 
In this framework, the Catalan archaeologist Bosch Gimpera associated the material 
evidences of the Urnfield culture in the NE of Iberian Peninsula to the arrival of such 
“Celtic” people, carriers of the new language (Bosch Gimpera 1921, 1932, 1944). 
An alternative hypothesis assumes the existence of a local formation process for Celtic 
culture in the Iberian Peninsula, in which we have to include different phenomena of 
acculturation and evolution (Almagro Gorbea 1987, 1991, 1992; Lorrio & Ruiz 
Zapatero 2005). Episodes of population movement are not completely discarded, but 
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their magnitude is limited in this model, in which local “proto-Celtic cultures” had a key 
role. For the specificity of Celts in Iberia the term “Celtiberic culture” has been 
introduced. According to Almagro-Gorbea (1994) the Celts should be linked with “a 
wide, fluid and polymorphous Atlantic Bronze Age “proto-Celtic” culture”. The relation 
with the Atlantic Bronze Age for the formation of the Celtiberian culture has also been 
highlighted by Manyanós (1999-2000), who analyzed the Peninsular Celticization and 
interpreted it as a result of a double process, made up by both a relation to the Atlantic 
Bronze Age and contacts with the eastern Meseta in relation to the trans-Pyrenean 
arrival of elements belonging to the Urnfield culture. The problem is addressed on a 
different perspective by the work of Arenas (1999, 2001-2002), who attempted to 
describe the genesis and the evolution of the Celtiberian world in relation to the 
Mediterranean world. 
Eventually, a synthesis on this issue has been proposed by Lorrio and Ruiz Zapatero 
(Ruiz Zapatero & Lorrio 1999; Lorrio & Ruiz Zapatero 2005). They point out the 
undeniable influence of the Urnfield culture in Northeastern Iberian Peninsula on the 
formation of the Celtiberian world. These contacts are confirmed by several elements, 
like the characteristic of burials and grave goods, common elements in the tradition of 
ceramics and metallurgy, and some architectural characteristics of fortified settlements. 
The authors stress that the Celtiberian world would have emerged out of the interaction 
between the socio-economic model imposed in the 8th and 7th centuries BC by the 
Urnfield culture from NE Iberian Peninsula, and the local cultures, which played an 
important role in this process. In fact, the penetration of Urnfield human groups is 
widely accepted and at least in its initial phase. The possibility that these infiltrating 
Urnfield groups may have brought with them an Indo-European language should not be 
rejected, although their role in creating the Celtiberian world has yet to be determined 
(Lorrio & Ruiz Zapatero 2005). 
 
 
3.5.2 Genetic markers and population flows 
 
Nowadays, due to scientific advances in human biology, new relevant tools have been 
created to analyze the genetic differences among human populations both in the present 
and in the past. Such differences can be interpreted as an evidence of people movements 
and episodes of substitution of population in a specific place and during a certain time. 
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Therefore, the interest for genetic analysis is directly linked with the topics addressed in 
our research. 
Genetics provides new approaches for the study of our ancestors based on mechanisms 
of inheritance of variations and traits of living organisms (Griffiths 2000; Hartl & Jones 
2005; King et al. 2006). The first attempts of using classical genetic markers, like blood 
groups, taken on living population in order to reconstruct human evolution can be traced 
in the work of Cavalli Sforza and Edwards (1965). The spatial variation in such markers 
has been correlated with contemporary linguistic groups or population, as suggested for 
the Basque Country, where a high frequency of the Rhesus negative blood groups was 
detected (Mourant et al. 1976). Among these studies we can mention the paper by 
Menozzi et al. (1978), in which the authors analyzed the classical genetic markers in 
Europe using Principal Component Analysis, and the study by Cavalli-Sforza et al. 
(1994) in which such an analysis was extended worldwide. Genetic differences have 
lead to Ammerman & Cavalli-Sforza (1973, 1984) a model for the demic diffusion of 
early farming in Europe according to a wave of advance model in which a new 
population, with characteristic genetic markers, substituted (or in some cases, mixed 
with) the local inhabitants. Cavalli-Sforza discovered the existence of several patterns 
although the genetic homogeneity was predominant. In particular, the most relevant one 
was a north-western to south-western cline with a focus located in the Near Eastern. He 
managed to identify such a cline with the expansion of the agriculture from the Middle 
East in the Neolithic Period. The town of Jericho was recognized as the origin of the 
spreading movement (Ammerman & Cavalli-Sforza 1971, 1984; Cavalli-Sforza 1997, 
2002). The author focused also on the diffusion of the Kurgan culture in the European 
Steppe north of the eastern part of the Black Sea (Cavalli-Sforza et al. 1994). Such 
studies are of great importance in order to try to correlate the Neolithic expansion and 
the diffusion of Indoeuropeans detected through the analysis of derived languages. 
Nowadays, the Y-haplogroup R1a is a proposed marker of these “Kurgan” genes, 
although the haplogroup as a whole could be older than the language family (Underhill 
et al. 2009).   
In the same way as in the case of the origins of modern languages, the pattern of genetic 
variability among modern populations is assumed to be the cumulative result of a 
sequence of changes and mutations experienced by a presumed previous genetically 
homogenous population from which we come from. The greater or lesser similarity in 
alleles and other genetic markers (DNA) is assumed to be a function of the time they 
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diverged from a common ancestral population. In the last decades, thanks to the 
progresses reached in the technique, the archaeological community has started to be 
interested in the use of DNA sequencing applied to the analysis of past human remains. 
Moreover, the ever increasing number of archaeological excavations of funerary 
contexts in Europe has enhanced such an interest. Renfrew (Renfrew & Boyle 2000) 
refers to this new discipline with the term “archeogenetics”. Currently, DNA-base 
analysis in archaeology has focused mainly in the study of the mitochondrial DNA 
(mtDNA) for detecting specific lineages in the female line (Wainscoat et al. 1986; Cann 
et al. 1987; Sajantila et al. 1995; Simoni et al. 2000; Plaza et al. 2003; Forster et al. 
2004; Sampietro et al. 2005; Achilli et al. 2007; Gamba et al. 2012) and the Y-
chromosome for the male line (Cooper et al. 1996; Malaspina et al. 1998; Rosser et al. 
2000; Wilson et al. 2001; Rootsi et al. 2004; Faux 2008). The bases for most of the 
researches must be placed in the phylogenetic seriation and the cladistic studies 
(Cavalli-Sforza & Edwards 1967; Moore 1994; O’Brien & Lee Lyman 2002, 2003; 
Mace et al. 2005). 
The advantage of analyzing DNA is particularly clear when we want to evidence of 
population movements and the subsistence of human groups that may have taken place 
in the past. However, when studying an ancient phenomenon of diffusion, 
archaeologists must “calibrate” samples of modern DNA collected from living 
populations with all the modifications that may be the consequence of later events, like 
population movements during the Roman Empire of the medieval Muslim expansion in 
Southern and Eastern Europe. On the contrary, ancient DNA is a primary source of 
information, as no other posterior mechanism was responsible of the observed genetic 
variation. The main problem in such cases relates to the preservation of human bones, 
which frequently does not guarantee a sufficient amount of DNA in good conditions, 
suitable for the analysis. 
In the framework of expansive phenomena, differences in the haplogroup J have been 
used to analyze the possible spread of Neolithic groups (Barbujani et al. 1998; Simoni et 
al. 2000), in addition phylogenetic analysis of mitochondrial DNA has shown that 
populations from both shores of the Mediterranean share a common set of mtDNA 
haplogroups (Plaza et al. 2003). Regarding the Neolithic expansion recent genetic 
studies on mtDNA (Bramanti et al. 2009) showed an absence of continuity in Europe 
between the Mesolithic and the Linearbandkeramik, which represents the major 
archeological horizon in the European Neolithic. Such a result points first farmers in 
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Europe were immigrant people with a different genetic ancestry. Analogous conclusions 
were reached by Gamba et al. (2012). Through the analysis of ancient DNA collected on 
sample from Neolithic contexts located in the North-East Iberia, Gamba et al. (2012) 
stressed that Early Neolithic in the Iberian Peninsula was associated to movements of 
small human groups whose genetic ancestry was not local. To sum up, currently “all 
paleogenetic studies of hunter-gatherers and early farmers are consistent with a scenario 
whereby farmers immigrated into Europe from the South and Southeast” (Pinhasi et al. 
2012). 
A debated topic in genetic analysis and not only is the origin of Etruscans. 
Researches carried out on modern DNA have suggested a Near Eastern Origin of 
Etruscan people, analyzing the nature and the extent of mtDNA variation both in ancient 
and modern Tuscans (Vernesi et al. 2004; Achilli et al. 2007). This would be in 
agreement with the theory of the Greek historian Herodotus, who first argued the 
oriental origin of the Etruscans, explaining their arrival as a consequence of a migration 
dorm Lydia, at the Eastern coast of Anatolia. On the contrary, according to Dionysius of 
Halicarnassus the genesis of the Etruscans must be located in the Italian Peninsula, as 
they were an autochthonous population. Such a theory has been currently confirmed by 
a recent mtDNA study (Ghirotto et al. 2013) carried on ancient DNA, from burials in 
the Etruscan necropoles, comparing the results with both medieval and modern DNA 
have suggested that the Etruscan culture developed locally and therefore not as a 
consequence of an arrival of people from Anatolia. Contacts between Tuscany and 
Anatolia certainly took place, but they must be dated back to at least 5000 years ago 
(Ghirotto et al. 2013). It is meaningful to remember that the developing of Etruscan 
culture originates in the Villanovan and Proto-Villanovan cultures that practiced the 
funerary ritual of the cremation, which is also attested among the Etruscans 
communities. 
The mtDNA analysis has been considered also suitable for the analysis of the Ancient 
Iberians, showing a haplogroups composition similar to that found in modern Iberian 
Peninsula Populations (Sampietro et al. 2005), what suggests the continuity of 
population since prehistoric times and the low modifications in the population pattern 
during Roman Times and Medieval ages. New researches carried out on modern 
mithocondrial DNA and Y-Chromosome structure of the Iberian Peninsula population 
have highlighted the existence of stronger Atlantic versus Mediterranean than North to 
South differentiation and large diversities in the South (Santos et al. 2014). In particular, 
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the authors detected major haplotypic affinities between all the Iberian Peninsula 
regions and North Africa as well as the Atlantic Island. Such resemblances could be 
interpreted as a result of an Atlantic network during Copper and Bronze Age cultures in 
this part of Europe (Santos et al. 2014). 
For the chronological period we are studying here, relevant results have been produced 
in the works carried out by De Beule (2010, 2011). The author studied the diffusion in 
space and in time of the I-L38 haplotype, which was first detected in the skeletons of 
the Lichtenstein burial cave in Osterode-am-Harz (Niedersaksen, Germany) (Fig. 10). In 
the cave were found 40 skeletons which were dated between 1000 and 700 BC through 
the typo-chronologically analysis of the funerary assemblages, composed of pottery and 
metallic objects belonging to the Urnfield culture (Schilz 2006). Comparing the 
presence of this haplotype in the archaeological remains and in modern populations, De 
Beule suggests an east to west migration of the I-L38, which could be correlated to the 
spread of Urnfield culture in Late Bronze Age and at the beginning of the Iron Age. In 
particular, the research signals the role of the Upper Rhine region in the expansion. 
From such an area the I-L38 haplogroup expanded to the coast of Normandy (France) to 
cross the Channel to enter England and Ireland. There are also connections toward the 
south (Spain), north (Southern Norway) and east (Poland). 
 
 
Fig. 10 - Spatial estimation (%) of the I-L38 haplogroup in modern populations per country 
(Source: De Beule 2011). 
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For a period slightly later in time, which corresponds to the lower boundary of the time-
span of our research, David Faux (2008) studied the relation between the Y-
Chromosomal Marker S28 and the Central European Celtic ancestry of the Hallstatt and 
La Tene phases. As highlighted by Kristiansen (1998b), the conventional phases 
Hallstatt C and D, which traditionally correspond to the beginning of Iron Age in the 
north of the Alps regions, corresponded to a period of movements of Hallstatt C warrior 
elites, which spread across Central and Western Europe, at a time when trade routes to 
the north diminished. 
Although Faux’s conclusions are questionable, he asserted that only the haplogroup R1b 
in the marker S28/U152 can be “infallibly associated” to Hallstatt and La Tene 
populations and more generally people who are S28 positive are living descendants of 
the ancient Celtic people (Faux 2008). 
 
In the light of genetic analysis and paleolinguistic studies, we should ask if the spread of 
Indoeuropeans in the Neolithic or Calcolithic period and Celts in the Iron Age can be 
described by the same process of demic diffusion, and therefore the results on the local 
human groups would have been a substitution of people. 
As we have discussed in this paragraph the main problem of genetic analysis is to link 
the cline detected in the spatial distribution of DNA haplogroups with a specific time-
span and therefore to correlate the cline with an already known episode of people 
movements and dispersal. It follows that a cline could be theoretically correlated to one 
o more processes of migration and substitution of people, which makes even more 
difficult a clear correspondence to one or another event. 
An additional problem relates to the nature of the diffusion, in fact not all the expansive 
phenomena must be described by a massive demic movement. A process of spread 
could not have lead to a significant variation the genetic record, for instance when we 
are dealing with phenomena of acculturation and diffusion of innovations. 
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3.6 The adaptive hypothesis: growth-decline of population as a result of 
climatic change 
 
The intensity at which human activities developed in the past is supposed to be in close 
relation with past climatic conditions. The ties between climate and human behavior are 
a widely studied topic. Among archaeologists, however, considering climate as a main 
factor behind cultural development is often regarded as determinism and therefore it is 
frequently denied strongly, although the interaction between people and nature is 
obvious. 
A multidisciplinary approach is usually the basis for any kind of analysis concerning the 
interrelationships between climate and human behavior. In fact, the research and the 
quantification of the intensity of climatic and landscape changes needs a close 
cooperation between archaeological and scientists from other branches, like geology, 
paleoecology, environmental sciences, among others. 
In Prehistory, studies focus especially on the investigation on phenomena of adaptation 
to episodes of climatic deterioration, which could be responsible of changes in 
settlement strategies and occupation patterns, subsistence base and economic 
exchanges. Climatic change can be connected to phenomena of diffusion as recently 
stressed for the spread of Scythian culture in south-central Siberia (Panyushkina I.P. 
2012; Val Geel et al. 2013). In this case, wetter climatic conditions converted a desert 
area into a landscape with a high biomass production and high carrying capacity, 
leading to both episodes of people movements and demographic growth (Van Geel et al. 
2013).  
In this section we want to center our attention to the possibility of such events, during 
2nd millennium and the beginning of the 1st millennium BC. In particular, we are 
interested in high magnitude climatic changes, whose consequences may be detected 
over a wide-scale. Therefore, regional studies and researches, which are often the basis 
for a reliable reconstruction of paleoenvironment, will be considered only when in 
direct correlation to the major event under study. 
Available data originates from a large variety of proxies, like the analysis of the amount 
of 14C in the atmosphere, expressed in the calibration curve, geoarchaeological surveys, 
pollen analysis, stable isotopes analysis of ancients plant remains, analysis of submarine 
and lake sediment cores (Vernet et al. 1996; Van Geel et al. 1996, 1998; Swindles et al. 
2007; Riehld et al. 2008; Fiorentino et al. 2008, 2009; Kaniewski et al. 2010; Caracuta 
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et al. 2012; Borrelli et al. 2014; Joannin et al. 2014; Kaiser et al. 2014; Morley et al. 
2014). Among the first archaeologists interested in the relations between the patterns of 
human expansion and climate change on a global scale, Wendland and Bryson (1974) in 
the first half of the seventies, compared in a quantitative way radiocarbon dated 
Holocene environmental changes with cultural changes. The authors found a synchrony 
between the radiocarbon record and the evidence of cultural change. 
The main discontinuity in the climatic condition during the Bronze Age and Iron Age 
transition can be identified in the boundary from Subatlantic to Subboreal (2800-2500 
BP; 996/914-766/551 2σ cal. BC). Such period “has globally been identified as a time 
of marked climatic change. Stratigraphical, paleobotanical and archaeological evidence 
point to a change from a dry and warm to a more humid and cool climate in central and 
northwestern Europe” (Tinner et al. 2003). The climatic deterioration which 
characterizes this chronological range is directly responsible of the plateau in the 
calibration curve between 760 and 420 BC (2500-2425 BP) (see chapter 4.3.2.1). The 
climatic oscillation around 2700 BP (896/813 2σ cal. BC) has been detected worldwide. 
Van Geel et al. (1996, 1998) and Speranza et al. (2002) found an abrupt shift around 850 
BC in changing species composition of peat-forming mosses in European Holocene 
raised bog deposits. The change was from mosses preferring warm conditions to those 
preferring colder and wetter environments. Archaeological evidence supports such a 
change. Bronze Age settlements located in the Netherlands were suddenly abandoned 
after a long period of occupation which last around one millennium (Dergachev et al. 
2004). Other studies confirmed the climatic discontinuity; Schilman et al. (2001) studied 
δ18O and δ13C in deposits from the southeastern Mediterranean, off Israel, and 
recognized the presence of two humid events in the time ranges of 3500-3000 BP 
(1884/1772-1263/1215 2σ cal. BC) and 1700-1000 BP (332/389-1016/1030 2σ cal. AD) 
and a period of arid conditions between 3000 and 1700 BP (1263/1215 2σ cal. BC-
332/389 2σ cal. AD). Barber and Langdon (2001) identified three main long climatic 
deteriorations 2900-2830 BP (1119/1037-1012/934 2σ cal. BC), 2630-2590 BP 
(810/797-801/788 2σ cal. BC) and 1550-1400 BP (430/549-637/658 2σ cal. AD) 
through the analysis of plant macrofossils in a peat deposit of Walton Moss located in 
Northern England and comparing such data with a temperature reconstruction based on 
chironomids in the sediment of a nearby lake. 
For the Alpine area a great variety of climatologic studies have been produced (Hänsel 
1998; Maise 1998; Della Casa 1999; Wanner et al. 2000; Menotti 2001; Tinner et al. 
 2003; Desmet et al. 2008;
constitute a perfect environment for the analysis climatological variability due to the 
intensity in such regions of parameters like temperature, precipitation and air pressure 
(Blumen 1990). Moreover, the glacial deposits allow us to obtain primary hand data 
about their fluctuations, which are highly sensitive to climatic 
 
Fig. 11 – Variation in the Aletsch Glacier located in the Swiss Alps during the Bronze and the Iron Age. 
The broken line with question marks periods with 
Tinner et al. (2003) stressed that climatic fluctuation north and south of the Alps were 
synchronous for the period 2300
different. The authors based their study on a dataset comp
of radiocarbon dated sediments from four lakes in Switzerland, tree
glacier oscillations, paleobotanical timberline studies, 
comparing the gathered information with the GRIP 
Greenland. Additional results stressed that human societies of the alpine area were not 
able to compensate rapidly to periods of climatic deteriorations. In fact, pollen data 
suggest that the reduction of agricultural activit
of Cerealia and Plantago lanceolata 
accompanied by spontaneous reforestation
Eventually the authors identified a warm period in time span 1450
corresponding to tree-pollen minima which indicate forest clearances in the both sides 
of the Alps. In fact, warm and dry conditions during the last centuries of the Sub
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were recognized. This could have implied an increase in the possibility of contacts 
among the regions North and South of the Alps, due to the access to high and middle-
altitude mountain passes which may constitute alternatives to the traditional routes 
(Maise 1998; Rubat Borel 2006; Mordant et al. 2007; Desmet et al. 2008). Such a 
period is followed by a climatic deterioration with the income of the Sub-Atlantic 
period around 860-850 BC, which correspond to a period of land abandonment (800-
650 BC), as observed in the Soppensee record (Maise 1998; Tinner et al. 2003). Such 
phase is accompanied by a short period with a concentration of phenomena of intense 
rain, with obvious disastrous consequences on the flow of the main rivers and the 
growth of groundwater levels. This situation implies a territorial crisis with the 
abandonments of the pile-dwelling settlements located in low plains or close to lake 
basins, like in Northern Italy and in the Western Switzerland (De Marinis & Spadea 
2007).  
Further important studies were produced Eastern France and Western Switzerland. The 
analysis of the level variations of lakes located in the Jura region, in the French 
Northern Pre Alps and the Swiss plateau, the 14C deviations in the atmosphere 
evidenced a positive correlation with the frequency of lake-side settlements in such a 
region (Magny et al. 2005; Billaud & Marguet 2007; Magny et al. 2007; Magny & 
Peyron 2008; Marguet et al. 2008). The results stressed that the lack of lake-settlements 
characterizing the Middle Bronze Age corresponded to a period with high lake levels 
and high values of the percentage of residual atmospheric radiocarbon. In this 
framework, the abandonment of lakeshore Swiss pile-dwellings has been dated to 
around 1520 BC (Menotti 2001). However, such a phenomenon does not appear 
everywhere with the same intensity, in fact in the Inner Alps the Middle Bronze Age 
seems to be a phase of relative settlement expansion and intensification (Della Casa 
2000, 2013). In any case, slightly later in time episodes of flood events and lake-level 
highstand at 3100 BP (1415/1311 2σ cal. BC) and 2800 BP (996/914 2σ cal. BC) have 
been recently detected in the Southern Alps, in the sediment cores extracted from the 
Lake Ledro, located in the province of Trento (Joannin et al. 2014). Such events may 
suggest that climate was relatively humid and unstable at that time. It is meaningful to 
highlight that at 3100 BP (1415/1311 2σ cal. BC) a decline of agricultural activities has 
been observed both in Northern Alps (Tinner et al. 2003; Schmidl et al. 2005; Rey et al. 
2013; Röpke & Krause 2013) and in the Po Valley in Northern Italy (Valsecchi et al. 
2006). Moreover such a period corresponds to the decline of the Terramare culture with 
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the depopulation of the Southern part of the Po Valley (Bernabò Brea et al. 1997; 
Cremaschi et al. 2006; Mercuri et al. 2006, 2012). 
Adopting a macro-scale focus Berglund (2003), comparing eleven paleoclimatic 
records, managed to identify two main periods of crisis during the Bronze Age (Fig. 12). 
The first one is dated to the beginning of the Bronze Age, around 3800 BP (2285/2200 
2σ cal. BC). This period was characterized especially in Central Europe by an abrupt 
change from more continental climate to an oceanic one, which led to a raise of lake 
levels, expanding bogs, lowered tree limit and an increase in glacier activity. The second 
one must be placed in the Late Bronze Age, between 3000 BP (1263/1215 2σ cal. BC) 
and 2800 BP (996/914 2σ cal. BC). In such a time span, cool/wet conditions just before 
3000 BP (1263/1215 2σ cal. BC) were followed by a warm/dry phase and then it was 
detected another change to a cool and wet period around 2800 BP (996/914 2σ cal. BC). 
Moreover, a general trend of raised lake levels and an increased glacier activity is 
attested around 3000 BP (1263/1215 2σ cal. BC) (Berglund 2003). 
 
 
 
Fig. 12 – Comparison of eleven paleoclimatic records. The points 4 (3800 BP) and 5 (3000-2800 BP) 
represent important periods of discontinuity at the beginning and at the end of Bronze Age 
(Source: Berglund 2003). 
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3.7 The social, economic and political hypothesis. A criticism of the 
substitution of population hypothesis 
 
If we hypothetically could assume that no relevant episodes of migration can be 
detected in the Bronze Age and in the transition to the Iron Age in Prehistoric Europe, 
therefore, the apparent cultural homogeneous background, which characterizes the LBA 
is due to other kinds of phenomena. It follows that we have to research among the 
different processes of diffusion as proved by the analysis of the archaeological record. 
Alterative diffusion processes take into account a wide range of possibilities depending 
basically on the nature of exchange. For the 2nd and the beginning of the 1st millennia 
BC we have identified five major ways of circulation of people, objects or ideas: 
 
• The circulation of raw materials, in particular tin and bronze 
• The circulation of prestige items 
• The circulation of ideas: the armed elites 
• Exchanges of individuals as a consequence of wars and marriage alliances  
• Center-periphery and the world system theory 
 
3.7.1 The circulation of raw materials: tin and bronze 
 
In the Bronze Age, the circulation of raw materials is widely attested over a large scale. 
Tableware pottery was usually locally produced, due to the wide-spread distribution of 
its principal components (clay, water and other materials). Therefore, the exchanges of 
ceramic vessel for daily use were not a common denominator in the 2nd millennium BC. 
On the contrary, the production of the bronze alloy required the supply of tin and copper 
from the productive districts (mining areas) and their circulation to the places where the 
mineral was elaborated to produce tin ingots, copper ingots and bronze ingots as well. 
The elaboration into finished objects usually took place in the workshops, where 
following a quite homogeneous processes the different artifacts were obtained from 
casting the melted bronze into terracotta or stone moulds. The technique for the 
production of the bronze alloy firstly and the finished objects secondly need the 
craftsmen to have specific skills in order to control the complex processes. The control 
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of the percentage of tin and copper was fundamental in order to produce the bronze 
alloy. Recent studies (Mödlinger et al. 2013) on bronze helmet from the Carpathian 
basin dated to the 14-12th c. BC have shown that the alloy composition was made with a 
tin percentage range of 5–14 wt.%. For the helmet’s cap the percentage was between 6 
and 14 wt.%, which indicates an advanced knowledge in the production of thin bronze 
sheet objects, even with higher tin amount up to 14 wt.%. 
In any case, before that such a process could have taken place it was necessary 
knowledge of the mining districts where either tin or copper could be extracted. In the 
2nd millennium BC the principal ore deposits in Europe were located at specific places 
(Jovanović 1986; Craddock 1995; Giardino 1995, 2005, 2011; Martinek 1996; Pare 
1997; Hänsel 1998; Mordant et al. 1998; Krause 1999; Hunt-Ortiz 2003; Stöllner et al. 
2003; Weisgerber & Goldenberg 2004; Ambert & Vaquer 2005; Höppner et al 2005; 
Bartelheim 2007; Clark 2009; Ling et al. 2014). The known main active areas during the 
Bronze Age were located in: The British Isles where copper ores are found in 
association with the lead ores in Wales, Cheshire, Ireland, Isle of Man and Cornwall 
(Ling et al. 2014). Such basins were exploited mainly in the Early Bronze Age 
(Timberlake 2009), however in the Middle and Late Bronze Age mining activities are 
attested at Mount Gabriel, Ireland (O’Brien 2004; Timberlake 2009). 
The Alpine region, and in particular the Eastern Alps are known for large deposits of 
copper, lead and silver. The exploitation of the mines of copper minerals located in 
Tyrol and south of Salzburg has been widely recognize (Stöllner et al. 2003; Giardino 
2005; Höppner et al 2005; Krismer et al. 2011; Ling et al. 2014). The importance of 
such an area not only for mining but also for metallurgical production is confirmed by 
the archaeological evidence. Nine smelting furnaces for copper working dated to the 
Late Bronze Age (13th-11th c. BC) were discovered at the Redebus Pass, Bedollo 
(Trento) and four similar furnaces were found at Cortaccia (Bolzano) in the 
Trentino/Südtirol region (Marzatico 1997; Marzatico & Tecchiati 1998, 2002). Among 
the Alpine radiocarbon dated contexts were smithing activities took place we have to 
mention the site of Kupferschmelzplatz S1 in Styria (Klemm 2003), the furnaces of 
Jochberg near Kitzbühel in Tyrol (Goldenberg 2004) and the site of Pingen-Hochmoss 
near Sankt Johann im Pongau in the Salzburgerland (Gstrein & Lippert 1987). 
Also the Massif Central in South-Western France has shown mining activities with a 
well documented evidence of copper extraction (Prange & Ambert 2005). 
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The Carpathian Mountains constitute another important area with ore deposits 
containing multimetallic minerals (Cu, Pb, Zn, Au, and Ag). Specifically, the major 
districts are located in the Central Slovakia and Romanian Baia Mare and South 
Apuseni Mountains (Neubauer et al. 2005; Ling et al. 2014). In such areas, it is attested 
the emergence of major production centers (Jovanović 1986; Pare 1997; Schalk 1998), 
which were responsible for the widespread distribution of many of the Bronze Age 
standard ornament and implement types, such as neck torques, axes and other heavy 
bronze ornaments (O’Shea 2011). 
Also Cyprus was a well-known producer of copper for the eastern Mediterranean (Stos-
Gale & Gale 1994). It is widely attested the exploitation of copper ores in particular in 
the phase 1400-1100 BC (Stos-Gale et al. 2007; Stos-Gale & Gale 2009). 
Copper ores are attested also in Tuscany, Liguria and Sardinia. Eventually, the Iberian 
Peninsula was an important source for copper ores and lead deposits in the south and 
east, and for copper, tin and gold in the massive Iberian Pyrite Belt in the south-west 
(Hunt-Ortiz 2003; Tornos et al. 2004, 2005). 
Thanks to the advances produced in the last decades in the study of lead isotope ratios 
of metallic artifacts and the geochemistry of ores from deposits selected by their isotope 
ratios, nowadays it is possible to distinguish the copper and tin deposit from which the 
finished object originates (Hauptmann et al. 1992, 1999; Krause 2003; Niederschlag et 
al. 2003; Höppner et al. 2005; Jung & Mehofer 2013; Ling et al. 2014). Moreover, lead 
isotope data are relevant because of their direct representation of the age of the ore 
formation (Ling et al. 2014). Such kind of analysis applied to metal ingots is useful in 
order to determine the chemical compositions and the metallurgical process, detecting a 
primary source and a secondary re-melted origin. In fact, in the Bronze Age the 
phenomena of metal recycling were frequent (Bray & Pollard 2012; Ling et al. 2014). 
We are aware that in the Bronze Age the place where an objects was manufactured 
could vary hundreds of kilometers from the mining area where the copper and tin ores 
where extracted, therefore the idea that produced metal from a certain region is equated 
to with the use of ores from the same region is a simplistic hypothesis for the 2nd 
millennium BC (Ling et al. 2014). The existence of a large and complex network of 
trades and routes linking the different mining areas and the inhabited territories was a 
reality. Lead isotope and elemental analysis, carried out by Ling (2014) and his research 
group, on Scandinavian Bronze Age artifacts have argued the possibility of two main 
system of metal flow from Europe to Sweden, one maritime Atlantic and another via 
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Central and South-East Europe, following the path of the amber route. Moreover, their 
results indicated that the sources of metal varied in relation to chronology. In fact, 
analyzed artifacts dated to the Early Bronze Age were correlated to copper ores located 
in North Tyrol, Cyprus and the west Mediterranean districts, on the contrary during the 
Middle Bronze Age studied objects were manufactured with copper ores originating 
from Sardinia and south-Iberia. Finally, most artifacts dated to the Late Bronze Age can 
be correlated with ores in south Iberia (Vandkilde 1996, Ling et al. 2014). 
Such results point the variability of exchange routes during the 2nd millennium BC, 
whose causes, which are often unclear, should be analyzed case by case. 
 
 
3.7.2 The circulation of prestige items 
 
The nature of long-distance trade or exchanges during the 2nd and the beginning of the 
1st millennia BC is a widely debated topic. Different positions have been proposed 
among the scholars. Stjernquist (1985) included in trade all bilateral transactions 
concluded between communities or individuals. Hardings (1987) stated that any product 
or resource that has been transported from one place to another can be treated as an 
object of trade. Nevertheless, such a statement is not entirely shared by the whole 
scientific community. Steuer (1999), on a different perspective, stressed that the term 
“trade” should be applied only to exchanges between communities with monetary 
economy and characterized by the presence of specialized market places. In any case, 
beyond the exchange processes we must be aware of the existence of other ways of 
distribution of resources and products, such as looting, unilateral gifts, and specific 
redistribution inside the “vertical” social structures (Przybiła 2009). 
The so called “peaceful interaction” (Barceló 1999) implied not only the circulation of 
raw materials but also the flow of finished objects. The consequences of such a 
circulation should theoretically be a homogeneity regarding the most diffused forms and 
techniques. On the contrary, the village-level production tended to be more traditional 
and circumscribed, with frequent phenomena of regionalization in particular in pottery 
forms and decorations. Such homogeneity was granted by the flow of artifacts on a 
macro scale, which frequently followed the paths established by the major European 
rivers. Indeed, it is widely recognized that exchange networks during the Bronze Age 
were mainly influenced by the waterways, which constitute a primary element for the 
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development of complexity due to their role in prehistoric and protohistoric travel, 
boundary demarcation and the transport of materials (Bell 2006; Davison et al. 2006; 
Westerdahl 2006; O’Shea 2011). In the absence of an organized and wide-spread 
network of roads and infrastructure, they constitute a rapid way to link different 
geographic areas, and also different populations. The main advantage of river line 
circulation was to increase the speed of the trades and exchanges, regarding people, 
goods and information. As a consequence, an increase of waterways allowed distant 
communities to interact developing larger social aggregates (Howey 2007). Therefore, 
the study of river’s paths in the past is essential in order to understand the complexity of 
Bronze Age society, identifying regional pattern of social contact and interaction. 
Among the major waterways, the Danube–Morava–Vardar was proposed by Childe 
(1939) as a primary link between Eastern Mediterranean and Central Europe. It has long 
been assumed that the Danube river constitute the major “highway” of the Prehistory. 
Archaeological researches in the Carpathian basic have evidenced that the distribution 
of metal finds and large hoards was closely tied to the river system of the Danube, Tisza 
and Maros (O’Shea 2011). The overland/riverine flow did not affect only metals but 
also other materials like in particular amber. Starting from the end of the 3rd millennium 
BC from the Baltic regions amber arrived to Central Europe throughout the major rivers 
Elbe, Oder, Vistole and Rhine as well. Chronologically the oldest route was the 
Western, as the deposits were scarcer the Eastern ones started to be exploited. From 
Central Europe the amber road followed through the Danube, the Adige and the Po 
River reaching the Mediterranean regions (Sherrat 1993a; Kristiansen 1998b; Pydyn 
1999; Du Gardin 2003). Whilst some materials, like amber followed a north to south 
route, others, like pottery, faïence and ivory pursued a south to north path. Numerous 
are the archaeological evidences, which testify the existence of a system of commercial 
routes between the Mediterranean cities, in particular Greek and Phoenician, and central 
European communities (Sørensen & Thomas 1989; Peroni 1996; Bernabo’ Brea et al. 
1997; Kristiansen 1998b; Bartoloni & Delfino 2005; Bietti Sestieri 2010; Cupitò 2011; 
Fokkens & Harding 2013).We can refer to the imports from Eastern Mediterranean (the 
Aegean world and the Levantine coast) of Mycenaean ceramic as attested in the 
settlements located in the Padan Plain, dated between the 12th and the 11th c. BC. 
Ceramic dated to Mycenaean IIIC have been found in the villages of Fondo Paviani, 
Fabbrica dei Soci, Castello del Tartaro, Frattesina, Montagnana in Northern Italy 
(Vagnetti 1979, 2002; Salzani et al. 2006; Cupitò 2011). We must take into account that 
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archeometric analysis carried out on some of those fragments have shown that some of 
those vessel were locally manufactures imitating Mycenaean models, perhaps due to the 
transfer of artisans directly from the Aegean world (Jones et al. 2002; Vagnetti 2002). 
Indeed, a phenomenon that highlights the importance of such networks is the 
manufacture and imitation using local materials of products coming from distant areas. 
This empathizes the relevance that exotic products or their imitation cover in the 
exchange network, mainly due to their “exoticism” and the value of prestige and 
superiority that they symbolize (Müller & Bernbeck 1996; Pydyn 1999; Kristiansen & 
Larsson 2005). We can find another example of long-distance trades in the settlement of 
Bernstorf, in the municipality of Kranzberg, in Upper Bavaria (Germany). The 
archaeological excavation carried out in the village have brought to light fragments of 
amber beads with a text engraved in Mycenaean Linear B and an assemblage of golden 
items (a needle, elements of belt, a tiara, pieces of a crown and other golden sheets)  
(Gebhard 2000; Moosauer & Bachmaier 2000). 
Such finds are a clear evidence of emergent new elites, who stated his high status 
through the collection of prestige objects. The homogeneity of the elites, established by 
the control, the storage and the exhibition of luxury and exotic materials (gold, silver, 
ivory, amber, etc.) was a key concept to understand the power relationships in the 2nd 
half of 2nd millennium BC. The consequence is the increasing demand for exchange 
goods lead to monopolization of prestige goods. When monopolized, those materials 
rise in worth (their buying becomes difficult and they are not owned by all the group 
members), which signifies a change: the item becomes as important as the relationship, 
so that the storing from exchange goods from outside will be as important as having 
kept interaction with outside groups. As soon as some resources become storable, 
competition for their control (political power) starts. This situation will just be possible 
when the demand for prestige goods becomes constant, that is, when outside social 
agents keep asking for the same items for the sake of political alliances. This is what 
happens with metal (copper, iron, gold and silver), an item whose demand keeps 
constant and is used to increase the relationships with foreign groups: the need of 
certain materials forces a certain group to establish contact with the suppliers (Barceló 
1999). The emergence of new elites implied the formation of what scholars (Brun et al. 
2009; Kristiansen 2009, 2011, 2012) define an “aristocratic lifestyle”, in which perhaps 
other materials, such as salt, timber, cloth or foodstuffs, were important and appreciated 
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commodities, but we are handicapped by their relative invisibility in the archaeological 
record (O’Shea 2011). 
 
 
3.7.3 The circulation of ideas: the armed elites 
 
Urnfield burials between the Ebro and the Danube River are usually characterized by 
the absence of funerary goods. The lack, in most cases, of an assemblage composed by 
metals, prestige objects or ceramic vessels could suggest a picture of apparent equality 
at the end of the Bronze Age. However, inferring a direct relation between the number 
of metallic objects among the grave goods and the social status is a simplistic and 
simplified approximation of social complexity (Ruiz Zapatero 2004). As Wells (1984) 
stressed it is reasonable to suppose that the distribution of wealth in Urnfield graves is a 
poor indicator of how wealth was distributed in LBA agrarian communities. In fact, if 
we focus on the archaeological evidences in its completeness there are several elements 
which support the existence of role and class differences, which implied a developed 
social hierarchization among LBA communities. Specifically, a common denominator in 
2nd half of the 2nd millennium BC seems to be the rise of armed elites which spread or 
whose idea spread on a European macro-scale. 
Examples for the circulation of metallic finished items related to the role of the warrior 
are various. Among them, the diffusion of metal hoards and votive deposits, in 
particular composed of weapons, which were frequently located along the major river, 
probably following the same flow channels used for raw materials and prestige objects. 
In this field we can cite the radiocarbon dated hoard of Peggau, in Styria (Austria), 
which gathered 229 objects of the HaA2-HaB3 phases with a total weight of 14.2 kg; 
17.1% of the items were weapons (Weihs 2004). Another example is the hoard of Pila 
del Brancón (Nogara, Verona) discovered in the Po Valley (Italy) and typologically 
dated to the Bronzo Recente 2 phase almost the totality of the materials are weapons (12 
swords; 2 daggers, 51 spearheads) (Salzani 1994a; Salzani 1998; Jankovitz 1998-1999; 
Cupitò & Leonardi 2005). Such hoards have been interpreted as cultural offers basically 
because the objects are intentionally fragmented. At Pila del Brancón the objects after 
having been exposed to fire were deposited in the humid area (peat bog) as “water 
offering”, according to a tradition widely attested in European Bronze Age (Bradley 
1990). Analogous rituals were carried on in the site of Corte Lazise, not far from the 
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North Italian deposit, where 5 swords and other bronze objects were discovered (Salzani 
2005a; Salzani 2006). 
The relevance of the role of the warrior is testified not only in Central and in the 
Mediterranean facade by it assumes a European scale in the last phase of the Bronze 
Age. The spread of bronze swords and the idea behind their diffusion is widely attested 
also in the Atlantic facade. From the Britain Iles to northern Spain and Portugal the 
Atlantic type swords, espadas pistiliformes in Spanish, are largely attested in the LBA 
(Quilliec 2003; Brun et al. 2009). 
In addition, weapons were not an exclusively feature of metal deposits or out of context 
finds. Whilst the majority of urnfield burials show a great poverty, there are some 
inhumations and cremation that are clearly in contradiction with such an assumption. 
Perhaps the most outstanding evidence is the necropolis of Olmo di Nogara (Verona-
Italy) dated to the Middle and the Late Bronze Age were both inhumation and cremation 
burials are attested. As common the cremations, were not accompanied by funerary 
goods. On the contrary among the inhumations some masculine graves of eminent 
personalities included a sword and helmet fragments (Salzani 2005b). It has been 
suggested that the prestige role of the warrior was hereditary transmitted as two 
individuals were characterized by spina bifida occulta (Cupitò & Leonardi 2005). 
Eventually, the apparent reality of social equality testified by LBA urnfield burials can 
be definitely discarded at the Iron Age transition by the archaeological excavation at the 
Hexenbergle site, near Wehringen in Bayern (Germany). The monumental radiocarbon 
dated mound with a cremation burial of an adult male accompanied by a great amount 
of objects, including a sword, elements decorating a wagon and an extensive set of 
painted pottery (Hennig 1995). The dendrochronological date obtained on the wagon 
(778±5BC) provides a precise temporal location for an upper-class deceased with 
sepulchral paraphernalia in the Hallstatt period (Friedrich & Henning 1995, 1996). 
In the light of such evidences we can clearly prove that the acquisition of bronze was 
closely tied to the acquisition of prestige and social standing. Therefore the power of the 
armed elites was guaranteed not only by the weapons use practices, but also by the 
control of exchange network, the accumulation of bronze in large number, the 
organization of production, the control of craftsmen/workshops and the possession of 
prestige goods (Váczi 2013). Process of social hierarchization was achieved also by the 
control on the food production surpluses by a small part of the population. Thanks to 
surpluses, a leading group could obtain exotic and luxury goods from outside, which 
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were frequently introduced in the system of ritual exchanges among similar centers 
(Przybiła 2009). 
Among the material effect for the presence of armed elites on a European scale the so 
called metallurgical koiné is one of the most outstanding. 
 During the last phases of Bronze Age the high circulation of weapons, armour, dress 
accessories and implements from the Atlantic coast of the Iberian Peninsula to the 
classical world implied a relevant increase in the metallurgical productions, which was 
accompanied by a process of homogenization of the types and the techniques as a 
consequence of the intense circulation of models, raw material and artifacts (Bouzek 
1985; Giardino 1995; Bietti Sestieri 2010; Fokkens & Harding 2013; Jung & Mehofer 
2013). 
 
 
3.7.4 Exchanges of individuals: wars and marriage alliances 
 
The power and the prestigious of armed elites were undoubtedly tied to the war 
activities. The diffusion over a large scale of warrior and the system that they represent 
made part of the “violent interaction”, where the warrior or bandit tends to be interested 
in keeping his warlike status and hoards loot, enhancing thus his military triumph or 
creating alliances with members of his own group or from the neighbor groups (Barceló 
1999). On a European scale this implied the circulation of individuals to take part of 
struggles and war activities. Evidences of contacts among the North Italian warriors and 
the Aegean ones are unquestionable. Several researches argued that mercenaries from 
the Italian peninsula were employed by the Mycenaean palace states between the last 
decades of the 13th c. BC and the beginning of the 12th c. BC (Catling 1968; Bettelli 
2002; Eder & Jung 2005). The existence of “peaceful interaction” relating the 
metallurgical know-how was already proved by the Italic sword types Allerona and 
Cetona, which became the most common swords of Mycenaean warriors in the Late 
Helladic IIIC Advanced phase (Deger-Jalkotzy 2006). To strengthen the evidences of 
transfer of weapons and weapons technology from the Adriatic coasts to Greece we 
have to highlight that no sword moulds of any typology have been found in Greece so 
far (Jung & Mehofer 2013). By contrasts, the two-part moulds suitable for sword 
casting are known from all over Italy (Bianco Peroni 1970; Lefevre-Lehoerff 1992; 
Frontini 1997; Albanese Procelli 2000). Moreover, the existence of locally produced 
86 
 
handmade pottery of Italic type in layers dated to the Late Helladic IIIB Developed and 
Final at Tiryns, Midea, Mycenae and Nichoria in Greece supports the hypothesis that 
people coming from continental Italy settled among the indigenous Mycenaean 
population before the fall of the Mycenaean palace system (Jung & Mehofer 2013). 
Without any doubt the ideology of armed elites dominated Europe as attested by the 
distribution of swords, sparrowheads and elements of armour (Kristiansen 1998b, 
1999a, 1999b, 2002, 2009, 2011, 2013). Their existence implied that war and struggle 
were a common phenomenon in the late phases of the Bronze Age. Therefore, it is not 
surprising an increase of the number and a diffusion of hillforts and fortified villages 
during the LBA and in particular at the beginning of the Iron Age in the HaC period 
(Ruiz Zapatero 1983; Kristiansen 1998b). Examples are various. For instance, in the 
Eastern Transdanubia region the building of fortifications started at the same time with 
the consolidation processes of armed elites, observable in depositions and burials which 
point a kind of isolation and centralization began. The main consequence of this process 
was provided by fortified settlements. Their building, maintenance, possession and 
sharing became a new form of expressing prestige during the closing phase of the 
Urnfield period (Váczi 2013). More examples can be traced in the Castellieri culture, 
developed in North-Eastern Italy, Istria, Dalmatia and neighboring areas, whose main 
feature were settlements usually locate don hills and rounded by one or more walls of 
stones or a wooden palisade (Marchesetti 1903; Montanari Kokelj 2005; Bietti Sestieri 
2009). The apparently territorial nature and the distribution of European fortified 
settlements suggests the existence of a quasi political organization that in the Iron Age 
led to defined tribal territories, as known from classical authors (Harding 2013). 
Kristinsson (2010) analyzed the causes of the cremation burials expansion and tried to 
assess what the Urnfielders advantage was. The authors suggested that origin of the 
Urnfield phenomenon has to be placed in the “militarization process fuelled by 
competitions between polities in Central Europe”. The spread of Urnfielders was helped 
by the development of runners armed with a shield and a couple of small javelins or 
darts, some of them were also provided with swords and helmets. Warriors equipped 
with javelins and shields were the backbone of the chieftains during the 2nd and the 1st 
millennium BC (Kristiansen 1998b, 1999; David Elbiali 2009). Although Bronze Age 
European metal defensive armour, as opposed to weapons, is scarce we are aware that 
the first armour appears in Central and Eastern Europe in the beginning of the Urnfield 
culture. Nowadays, we know of approximately 120 helmets, 95 shields, 55 greaves and 
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30 cuirasses from the European Bronze Age (Mödlinger et al. 2013). Moreover, 
warriors, armed with shield and javelin, appear as a decoration of Mycenaean and Greek 
vessel as well as in the bronze horn of Wismar (Kristiansen 1998b). In any case, not 
only armed runners were diffused during the Late Bronze Age. An armored cavalry was 
also diffused, as attested in the cemetery of Neckarsulm in southwestern Germany. The 
majority of the skeletal remains of inhumated adult males, dated to the LBA, exhibit 
specialized facets that most likely resulting from horseback riding (Wahl & Price 2013). 
It is relevant to remind that episodes of people movement were not new phenomenon in 
the Mediterranean Protohistory. At the end of the Bronze Age documents from the 
Middle East and the Aegean world refer of the so called Sea Peoples, identified in a 
various groups of seafaring raiders whose origin should be located in an unknown place 
in the eastern Mediterranean (Sandars 1978; Drews 1995; Oren 2000; Martín 2007). 
Exchanges of population, men and women, were not only determined by military 
activities. Among the armed elites and in particular among those groups who interacted 
regularly, additional cohesion was established by the marriage exchanges which implied 
alliances and consolidated the ritual friendship among the chiefs and the communities 
(Ruiz-Galvez 1992; Kristiansen 1998b; Marchesini 2012; Steel 2013). The major aim of 
intermarriage was to create especially binding familial ties, which are intended to 
establish trust between two societies and ensure peace (Steel 2013). Archaeological 
examples of such a practice are various and dispersed all over the European territory.  In 
northern Europe a deposit in a vessel found in the Island of Møn, in Denmark, included 
a complete assemblage composed of jewelry manufactured in the Lausitz culture. Such 
a deposit owed certainly to a woman married with a Danish chief (Thrane 1958; 
Kristiansen 1998b). Another example can be traced in the burial of Cavalupo di Vulci in 
Central Italy north of Rome dated to the end of the 9th c. BC, where the presence of 
Nuragic bronze artifacts was interpreted as a deposition of an “aristocratic” woman, 
perhaps married with an Etruscan man (Camporeale 2010; Marzatico 2012). A third 
possible example is the inhumation burial, radiocarbon dated to the end of the 12th and 
the 11th c. BC, found at Domat/Ems in the Rhin Valley, Canton of Graubünden 
(Switzerland) (Seifert 2000). The burial is attributed to an “aristocratic” feminine 
individual for the rich funerary goods including bronze objects (10 rings, a fibula, 
fragments of a pin, earrings), a crane bone and vessels. The origin of the assemblage can 
be traced in the Luco/Laugen culture, spread in Trentino Alto Adige/Südtirol, Tyrol and 
Lower Engadine. Due to the foreign objects it has been suggested the possibility that the 
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rich woman got married to a local man (Seifert 2000; Marzatico 2012). 
 
 
3.7.5  Center-periphery and the world system theory 
To sum up, there is enough archaeological evidence for the existence of diverse and 
complex exchange networks in the Bronze Age. Therefore, contacts among different 
regions are estimated to have been frequent and they constitute the base for the social 
economic and political organization of 2nd millennium societies. The presence of raw 
material, finished objects, goods and individual far away the place of their original 
provenience is a clear evidence of the high level of complexity reached among the Late 
Bronze Age societies. 
As a consequence, it is impossible to establish a local picture of the social, political and 
economic dynamics without references and comparisons with other areas. Trade and 
alliances were re-oriented causing new links to be established and contacts with new 
areas to be opened, but also some regions to be isolated from the larger exchange 
systems (Sørensen & Thomas 1989).  As we have presented in the chapters before, the 
interaction channels information, people, raw material, manufactured goods may have 
moved through, are the main cause of the emergence of distinct social networks. Hence, 
to study social interactions and to explain the emergence of cultural standards and 
homogenization at some places and moments, we need to adopt a European perspective 
which takes into account the Bronze Age society in its complexity. 
It has been suggested previously that a progressive differentiation of centers and 
territories with regard to their function. Further examples are the settlements of 
Peschiera (Verona) and Frattesina (Rovigo) located in Northern Italy. The first one, due 
to the high concentration of metal objects, was supposed to be a central place for the 
production and the distribution of bronze finished object and models all over the Italian 
Peninsula (Bietti Sestieri 2010). The second one was located along an ancient branch of 
the River Po, connected to the Adriatic Sea through the river route. During the 
excavation, carried out in the last decades, a wide range of artifacts made from exotic 
materials were found. The objects, including amber, ivory and glass, were also exported. 
Consequently, the Frattesina, due to its specific position hold a predominant role in 
manufacturing and distribution of goods on a large scale (Bietti Sestieri 1975; Salzani 
1989; Bietti Sestieri 2010).  
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In the light of such situation, archaeologists stressed the importance covered by 
networks in the 2nd millennium BC, with the existence of centers (primary nodes) with 
the function of production and distributions. 
The historical process of differentiation between a core and a periphery, or using the 
word of Sherrat (1993a, 1993b) “nucleus” and “margins”, is one of the most interesting 
models for explaining cross-cultural connections among “interacting politico-economic 
units” (Wallerstein 1974). 
A fundamental stage in the description of human behavior in past societies is the World 
System Theory (WST) or also named Core-Periphery Theory, introduced in the 1st half 
of the seventies by Immanuel Wallerstein (1974). The American sociologist and social 
scientist claimed that “there is only one world connected by a complex network of 
economic exchange relationships”, in which the accumulation of capitals by a part of 
the population is the key concept for the development of a systemic economic and 
political relations between centers and peripheral areas. In the core area the processes of 
production take place, it’s where the innovations are developed, from there they are 
introduced to peripheral areas in which their influence can cause changes in the social 
divisions. Chase-Dunn and Hall (1997) argued that the nature of what is transmitted is 
various, including bulk goods, political and military interactions, luxury or prestige 
good exchanges, and information exchanges. Moreover, in such a process a sort of 
periodicity can be detected: cycles of relative boom were followed by periods of crisis 
in the exchange network.  
The amount of research dealing with World-Systems Theory increased exponentially in 
the last decades; in 1995 the Journal of World-Systems Research was founded by 
Christopher Chase-Dunn, who in the previous years focused into the theory following a 
sociological perspective also including references to the archaeology (Chase-Dunn & 
Hall 1991, 1993; Hall & Chase-Dunn 1993). The applicability of this theory over a long 
period was highlighted also by Gunder Frank, who reported there was a “5000-years old 
World System” that extended in “unbroken historical continuity between the central 
civilization/world  system of the Bronze Age and our contemporary modern capitalist 
world system” (Frank 1993, p. 387). Therefore, as in its recent work Harding stressed 
“WST is essentially a means of understanding, or at least describing, how one area 
becomes dependent on another, so that developments in one will affect the other” 
(Harding 2013, p. 379). 
In the last years, the number of contributions in this field has continued to increase 
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significantly (Kardulias & Hall 2008; Hall et al. 2010; Galaty 2011; Harding 2013) and 
WST or according to a more archaeological approach World System Analysis (WSA) 
constitute a set of tolls to understand changes among past communities, in particular 
regarding the dynamics of impositions or absorption of innovations, including 
consequently local efforts to resist or to negotiate with outside forces. 
Such a theory was initially applied to the capitalist world but very early archaeologists 
realized that it was suitable in archaeology for describing the complexity of 
protohistoric societies, like the Bronze Age ones (Friedman & Rowland 1977; Kohl 
1987; Kristiansen 1987; Kristiansen & Larsen 1987; Frank 1993; Frank & Gills 1993; 
Kristiansen 1994; Sherrat 1993a, 1993b, 1994; Bintliff 1997; Kristiansen 1998b; 
Kümmel 2001). The first event that focused on the this theory was a conference 
organized by Rowlands with Mogens Trolle and Kristian Kristiansen in 1980 in Aarhus 
and entitled “Relations between the Near East, the Mediterranean World and Europe – 
3rd to 1st Millennium BC” (Rowlands et al. 1987). Kristiansen (1998) argued that a 
world system in the European Bronze Age emerged from the interactions between the 
Near East, the Mediterranean, and Central Europe starting from the 2000 BC. 
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4 HOW TO MEASURE THE OCCURRENCE OF 
HISTORICAL EVENTS? RADIOCARBON DATING 
 
 
4.1 Introduction 
 
Since the onset of prehistoric studies, defining a chronology for human artifacts has 
been one of our main aims. The necessity of creating chronological sequences for the 
material remains of human activity in the past has led to the creation of different 
frameworks whose backbone has been the position of materials in the archaeological 
record, based on the principles of archaeological stratigraphy, i.e. the materials coming 
from the lower strata should be older than those from upper layers. This led to the 
creation of different “phases” in a sequence, expressing a relative chronology. Such a 
system gives just a notion of a is older or newer than b, or synchronous, and in which a 
and b can be objects or sets of objects. The following step was to link this sequence to a 
calendar chronology (expressed in solar years). 
One of the first and most successful methods to correlate a relative and an absolute 
chronology was developed in the last years of the 19th century by the British 
archaeologist Sir Flinders Petrie (1899). This technique, which is called cross-dating, 
was based on the finds of Aegean pottery in Egyptian contexts whose age was known 
thanks to the list of pharaohs. Such a system starting from the association of Mycenaean 
typologies with Egyptian materials enabled to date other contexts in which the dated 
typology was found. It led to the creation of a chronological framework for the metal 
age in the basin of the eastern Mediterranean based on an assemblage of typologies with 
the function of fossil guides. Regrettably, this kind of dating takes the contemporaneity 
of the same typology in different kinds of context as a starting point. Probably, this 
aspect represents the primary critique towards such a cross dating schema. Indeed, it 
does not take into account the possibility of a chronological gap, due, for instance, to 
the geographic diffusion of the typology, which does not guarantee the same age for 
different contexts. 
The “chronological revolution” took place in the middle of 20th century, with the 
physical-chemical studies by Willard Libby in USA (Libby et al. 1949; Libby 1962; 
Libby 1963). As a result of those investigations, he invented the radiocarbon dating 
method, which allowed a totally new approach to the “the temporalities of taphonomic 
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processes [which] became an object of study in their own right and, combined with 
artifact sequences, were considered a material expression of temporal shifts in 
prehistoric cultural evolution” (Arnold 2012, p. 86). 
This chapter does not pretend to be a treatise in physics; our aim is to present an 
overview of the technique of the radiocarbon dating focusing on those aspects which are 
related to the archaeology. 
 
 
4.2   The fundamentals of radiocarbon dating 
 
Since the first archaeological objects dated by radiocarbon, wood samples from the 
Egyptian tombs of Zoser at Sakkara and Sneferu of Meydum (Libby et al. 1949; Hajdas 
2009), almost seven decades have passed and radiocarbon dating has become the most 
used technique for dating organic remains of past societies having lived sometime in the 
last 40000 years. 
Thanks to their studies on the radioactive decay of the isotope carbon-14 (14C), Libby 
and his colleagues at the University of Chicago managed to develop a method for dating 
organic materials. The technique was developed in 1946 and represented a radical 
change in the way of dating archaeological contexts. 
 
Fig. 13 – The atomic structure of 14C 
(Source: The Worlds of David Darling • The Encyclopedia of Science)  
 
This measuring technique is based on the natural phenomenon of radioactive decay of 
isotopes (Fig. 13) due to a higher number of neutrons (8) than protons (6) in the 
nucleus.  Because of this instability, the atomic nucleus tends to recover its previous 
stable status by β particles emission (radioactive decay).  As a consequence, what was 
initially an atom of 14C becomes an atom of 14N. The duration of this process is known 
and it corresponds to 5730 years, during which for the original percentage of 14C in a C 
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sample reduces to its half. 
The carbon-14 isotope is continuously produced in the stratosphere and upper 
troposphere as a consequence of the interaction between the atoms of Nitrogen and the 
cosmic rays. When a neutron collides with a nitrogen atom, a nitrogen-14 atom (seven 
protons and seven neutrons) turns into a carbon-14 atom, an instable isotope, that tends 
to recover its original atomic signature (Fig. 14). 
These processes of generation and degradation of 14C are naturally equilibrated in the 
atmosphere, because 14C radioactive (instable) isotopes are mixed with the non 
radioactive isotopes (12C) in the carbon dioxide present in atmosphere. At the bottom 
part of Earth atmosphere, about one part per trillion (ppt) of carbon is 14C (Keenan 
2012). Compared to the other isotopes of C, 12C and 13C, the concentration of the 14C in 
the atmosphere is low, around 10%. 
Through the photosynthesis, 14C is incorporated by plants and hence the ratio of 14C /12C 
in them is similar to the atmospheric one. When the atmospheric CO2 enter in the 
biological cycles   this ratio decreases due to a process called isotopic fractionation. 
 
 
Fig. 14 – The radiocarbon cycle 
(Source: www.science.howstuffworks.com). 
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The next stage is the transmission of the 14C to animals and humans through 
alimentation. Animals and people eat plants with 14C or eat animals that have eaten 
plants. Consequently, about 1 ppt of our carbonic content exists in the form of 14C 
(Keenan 2012). 
After the death of a living being, this process ends and there is no more incorporation of 
new isotopes of 14C by the organism. The percentage of the 14C starts decaying 
according to a constant rate. After 5730 years about half of the original amount of 14C 
has radioactive decayed, hence only about 0,5 ppt of the carbonic content in the death 
organism remains as 14C. Counting the amount of radioactivity (β particles) emitted by 
the sample equals to estimate the radiocarbon composition actually left in the sample. 
Knowing the half-life of this isotope, we can date the sample (Mestres 2008; van der 
Plicht & Mook 1987; Aitken 1990; Bowman 1990). 
 
 
4.3 Uncertainty of radiocarbon dating 
 
As already noticed by Barceló (2008a), although radiocarbon dating is referred as an 
absolute method for dating organic samples in the archaeological literature, it is not as 
absolute and precise as it seems, but a probabilistic estimate of the true date. 
Uncertainty is then a necessary characteristic of each radiocarbon chronological 
estimate, in such a way that the only result of this dating method is a more or less 
regular interval in which there is a not null probability to find the most accurate estimate 
It is important to take into account that the process of radiocarbon dating is affected by 
two main sources of error. The first one relates to the symmetric errors, whilst the 
second one to the asymmetric ones. The probabilistic symmetric errors are expressed by 
a Gaussian normal distribution, with a central point and an error homogeneously 
distributed around it. Therefore, they can be controlled easily. As an example, we can 
mention the error introduced during the process of measurement in the laboratory, 
which is recognized in the standard deviation. More difficult is to deal with the 
asymmetric errors because they do no to follow a Gaussian distribution. In this group 
we have to include several errors, like those related to the calibration and the nature of 
the sample. 
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The estimation of the radiocarbon age is a probabilistic process that should minimize 
the effects of seemingly aberrant dating of specific events, recognizing them as extreme 
values of a distribution of probabilities or excluding parts of the resulting lower 
probability interval and concentrating where most probability concentrates (Bayliss et 
al. 2007). There is a growing agreement in the scientific community that absolute dating 
is in fact a probabilistic inference as a consequence of uncertainty and measurement 
error (Buck et al. 1991; Bronk Ramsey 1998; Weninger et al. 2011). 
In order to control the possible sources of error it is advisable to take care of all the 
stages which lead to the final result. Precision and accuracy always depend on the 
protocol followed in the process of dating and the algorithms used to build the 
probability interval in which the true date may be found. It should be a common and 
widely agreed procedure followed not only by the physics and chemists in the 
laboratory, but also by the archaeologist who collected the sampled in the field and 
checked for its context reliability. In the next paragraph we focus on the various phases 
of this process in order to find out which are the most common sources of error and how 
to deal with them. 
 
 
4.3.1 Gaussian errors: measuring problems 
 
The main source for an assumed symmetric (Gaussian) error is produced in the process 
of radiocarbon dating itself, and it is due to the sample preparation in the laboratory and 
the probabilistic nature of radioactive decay measurement. The Gaussian error is 
included in the standard deviation associated to the radiocarbon date, as provided by the 
laboratories. 
Until the middle of 1980s, when Accelerator Mass Spectrometry was developed (Nelson 
et al. 1986), organic samples were measured by decay counting techniques, either gas 
proportional counters or liquid scintillation counters. Decay counting requires relatively 
large amount of material to be dated (about 1gr of carbon), therefore often charcoal was 
decided to be dated instead of the seeds. Instead, with the AMS measuring technique, 
14C proportion in the organic sample is directly counted (Hajdas 2009), what implies 
reducing the sample size required for age determination. When the 14C atoms contained 
in a sample are counted with the AMS method, and internal statistical error (the 
counting statistics of the measured total counts, N, in the series of measurements) and 
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an external statistical error (comparisons of the error in the mean of a series of n AMS 
measurements for a sample) have to be introduced. The first error is calculated using the 
total number of 14C counts measured for each target ±√. The second one is 
calculated from the reproducibility of multiple exposures for a given target. 
The reproducibility of these measurements provides a good estimate of the true 
experimented error. As a consequence, the final error is the larger of the internal or 
external statistical errors. 
If µ is the mean of a group of individual measurements, each with variance σ2 (here 
assumed equivalent for all measurements), the fractional precisions is equivalent: 
 =  − 1 =  ! = 1"#$ 
 
In fact, the equivalence of the standard error in the mean of AMS measurements to the 
precision expected from counting statistics demonstrated the degree to which the 
spectrometer and its operation are free of systematic error (Wölfli et al. 1983; Donahue 
et al. 1984; Farwell et al. 1984; Suter et al. 1984; Vogel et al. 2004).  
Moreover, the development of a uniform sample material for radiocarbon AMS systems, 
filamentous or fullerene graphite (Vogel et al. 1984), provided intense ion beams for all 
samples and standards, bringing the internal and external uncertainties into routine 
equivalence for precise  ≤ 1% AMS quantification (Bonani et al. 1987; Vogel at al., 
1987). 
In addition to the normal statistical errors characteristic of the counting of 14C 
measurements, there also statistical errors which are associated with the correction 
applied for the Fraction Modern that we account for. For instance, the δ13C correction, 
from a stable mass spectrometer has an uncertainty of approximately 0.1‰. The error 
associated with δ13C is calculated by: 
'()*++#+ = 
4 × 10/0 0.1 × 0.11 + '()* × 10/) 1 + '()* × 10/)  
 
 This component of the Fm error is then added as follows: 
344546
789: = ;89< ∙ >344546
 + '()*++#+  
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Another source of Gaussian error is due to the natural isotropic fractionation, whose 
consequences are the differential uptakes of one isotope with respect to another. The 
assumption is that the fractionation of 14C relative to 12C is twice that of 13C, reflecting 
the difference in mass. In order to remove the effects of isotopic fractionation, the 
Fraction Modern is corrected to the value it would have if its original δ13C were -25 per 
mil (the δ13C value to which all radiocarbon measurements are normalized.) 
The Fraction Modern corrected for δ13C is: 
;89< =  ∙ ? 1 − 25/10001 + '()*/1000B

 
 
Radiocarbon age is calculated from the δ13C-corrected Fraction Modern according to the 
following formula: 
CDE = −8033ln  
The error in the age is given by 8033 times the relative error in the Fm. Therefore a 1% 
error in fraction-modern leads to an 80 year error in the age.  
 
The AMS measurement technique implied an improvement in the sample preparation, 
selecting only the area with less contamination. Only about 1mg of carbon is needed for 
the AMS technique, and short lived samples of very small size (i.e. seeds) have proved 
to be more reliable. 
The sample preparation in the laboratory is a basic point in order to isolate the datable 
fraction and hence to obtain a reliable date (Mook & Streurman 1983). Indeed, it is 
during this phase that we remove all the traces of contaminants, both ancient and 
modern, from the sample and we get the graphite suitable for the dating. Without 
entering in the detail of the procedure, we just want to focus on its major steps. First of 
all, it is necessary to wear gloves and to lay out an aluminum foil sheet in the working 
area, it also important to clean all the utensils to be used. These measurements are to 
avoid any contamination of oil or grease or unwanted contributions of carbon-
containing materials during sample preparation (Olson & Broecker 1958; Yizhaq et al. 
2005). 
Then, we have to follow the chemical pretreatment of the samples, which is made up by 
three main steps which are called AAA (Acid-Alkali-Acid) or ABA (Acid-Base-Acid). 
During the first acid treatment the carbonate part of the sample and possibly infiltrated 
humic acids, which correspond to the sediment that we could have collected together 
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with the sample, are dissolved by the HCl. The second Alkali step with NaOH is for 
melting away the soil humates (i.e. the contamination of the soil). The third one again 
with HCl is for the possible modern contamination due to the absorption of CO2 during 
the previous steps of the laboratory treatment. After each step the sample must be rinsed 
with water and the pH has to be checked. 
On the light of such a procedure it is clear the relevance of caring about all the stages 
through which the sample is submitted in the laboratory. In fact, during this phase it is 
reduced not only the modern contamination but also the contamination which took place 
in the field, whose consequences would be a wrong radiocarbon date if it is not 
eliminated in a proper way. For that we must be sure on the procedure followed in the 
radiocarbon laboratory where our samples are going to be analyzed, a reduced error in 
this phase means a reduced error in the final result. 
Recently, in order to control the systematic error of radiocarbon dating, usually caused 
by slight variations in the methodologies adopted for sample preparations among the 
different laboratories, the applied procedures have been tested by periodic inter-
laboratory comparisons of a variety of samples whit a known date (Rozanski et al. 1992; 
Naysmith et al. 2007; Scott et al. 2010; Adolphi et al. 2013).  
 
 
4.3.2 Non-Gaussian errors: calibration 
 
The main Non-Gaussian error is due to the calibration curve and the process of 
calibration. Chemical-physical timescales (isotopic degradation) and astronomical 
timescales (relative motion earth-sun) are not graded in the same units; therefore, “14C 
years” are not necessarily the same as the "calendar years” (van Srtrydonck et al. 1999). 
This is due because the concentration of 14C has not been uniform all along the time 
span of the astronomical scale (Aitken 1990, Bowman 1990). In fact, many factors have 
caused an increase and decrease in the percentage of 14C in atmosphere. Although most 
of it is related to variations in the flow of galactic cosmic rays (Kudela & Bobik 2004) 
and also to changes in solar activity and the geomagnetic field of the Earth, there are 
other factors which are responsible of such fluctuation. For instance, climatic changes 
and natural phenomena, such as volcanic eruptions, can play a relevant role in the 
proportion of 14C in atmosphere, what directly influences the amount of it in biosphere, 
whose dead samples we want to analyze. 
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The solution to this problem is called calibration (Damon 1987; Pearson 1987; van der 
Plicht & Mook 1987; Pazdur & Michzynska 1989; Litton & Leese 1991; Dehling & van 
der Plicht 1993; Talma & Vogel 1993; Gruet 1996; van der Plicht 2004; Buck et al. 
2006). By “calibration” we mean a statistical procedure that predicts a quantity from 
another using ratios. The procedure consists of two steps:  the first one implies 
calculating the relationship between the observed rate and the response; confidence 
intervals are constructed on the regression function. In the second step, the problem of 
calibration is solved by reversing the prediction intervals for the response variable. 
Obviously the goal of calibration is not to estimate the regression function but to 
estimate the parameter “14C years” that corresponds to a set of observations 
14Cyears/calendar years that meet the conditions of what a calendar year is in terms of 
time span. 
In other words, we should find a target function or mechanism to put in relation the 
calendar timescale (or historical) with the physical - chemical timescale. This is usually 
done by comparing concentration measurements of 14C with calendar estimates 
obtained independently. This can be done with wood samples from well individualized 
growth rings of trees from different parts of the northern hemisphere, and whose 
chronology has been well established dendrochronologically. When the sequence of tree 
rings is continuous and known from the present to the past, we may assign a reliable and 
precise enough calendar dating to each of the available wood samples, whose ratio of 
14C has also been measured. 
In order to correct a radiocarbon date it has been introduced the calibration curve. It 
describes the amount of radiocarbon in the atmosphere starting from 48000 years ago, 
in case of the last calibration curve IntCal13 (Reimer at al. 2013). The calibration curve 
is the result of radiocarbon dates of material whose age was already known thanks to 
several methods. Till 12000 years ago the main technique is the dendrochronology, till 
30000 years ago by dating coral fossil samples through the uranium-thorium method 
and till 48000 years ago dating glaciers and lake sediments (varves) and annual 
geological stratigraphies like cave deposits (Fig. 15). 
The two phases of the calibration procedure act as follows: the first is the “estimation 
step”, in which a database of dendrochronological dates and radiocarbon measurements 
of the same sample is built (IntCal86: Stuiver & Pearson 1986; IntCal93: Stuiver & 
Pearson 1993; IntCal98: Stuiver et al. 1998; IntCal04: Reimer et al. 2004, Blackwell et 
al. 2006; IntCal09: Reimer et al. 2009; IntCal13: Reimer et al. 2013). 
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Fig. 15 – Additional tree-ring samples, cal age range, number of samples (n), and number of rings per 
sample included in the IntCal13 database (Source: Reimer et al. 2013). 
 
The trouble is that such relationship is very complex and typically non-linear and non-
monotonic , which is represented by an extremely irregular curve defined firstly by a 
long term trend, whose wave length is about 9000 years ( Bowman 1990 ), and several 
overlapping cycles of variation of less duration, about 2400 years (Dergachev & 
Zaitseva 1999). “Wrinkles” or cycles of much shorter duration (a few decades) also 
appear. The curve sinuosity then reflects the history of irregular variations in the 
atmosphere of 14C.  Differences in latitude, depth of ocean waters, wind patterns, etc. 
explain additional error margins of ~ 1 ‰ (8 years 14C) between samples from different 
parts of the Northern Hemisphere, except the Arctic Circle . 
In the "predictive stage" a calendar estimate corresponding to a new radiocarbon 
measurement is calculated, based on the point where the raw 12C value intercepts the 
curve. Because prediction is defined by the particular form of the relationship at the 
point at which the raw 14C value intercepts the curve and the standard error (Gaussian) 
of its measurement, the specific way in which that part of the curve has been 
mathematically defined will affect the outcome of the prediction. That is to say, as 
noticed by Keenan (2012) “the calibration “curve” is not a curve in the common sense; 
rather each point on the curve has a potential error, which is usually specified by the 
standard deviation of the measurements”. This is what has been called “stochastic 
distortion calibrated” (Bronk Ramsey 1998). 
On the other hand, it must be remembered that the 14C calibration function is simply the 
statistical reduction of a cloud of points (consecutive measurements of the reference 
database). Computer programs that interpolate the cloud of points, like Calib (Stuiver & 
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Reimer 1993; Stuiver et al. 2005), BCAL (Buck et al. 1999), OxCal (Bronk Ramsey 
2009a) and Calpal (Weninger & Jöris 2004) give equivalent results in most cases 
(Gómez-Portugal et al. 2002; Blackwell & Buck 2004; Buck et al. 2006). 
 
While the uncertainty of the raw 14C measurement (standard error) could be represented 
by a symmetrical normal distribution, centered around its mean,  the calibrated range, or 
ranges of probability, are not symmetrical, and their central tendency are not statistically 
significant. In other words, we cannot say that the probability of estimating the true date 
outside a central point of the calibrated interval significantly decreases as we move 
away from that point. To further complicate matters, the assumption that all points of 
the calibration interval are equally probable is not valid (van der Plicht & Mook 1987; 
van Strydonck et al. 1999; Gómez-Portugal et al. 2004; Guilderson et al . 2005) (Fig. 
16). 
 
Fig. 16 – Calibration graph of a radiocarbon date (Software: OxCal 4.2; Bronk Ramsey 2009a). 
 
Therefore, we cannot use either the average or the median of any part of the range of the 
calibrated interval as representatives of a possible meaningful central tendency that does 
not exist. We cannot expect a single value to provide satisfactory results. That is, within 
the calibration range, two dates are indistinguishable and there is no reason to think that 
one is better than another, for the sake of being in the center of the interval. Recall that 
this interval has a characteristic asymmetric probability density distribution, and in 
many cases it is typically multi-modal. 
The first problem implies the selection of the point estimate for the most probable date. 
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We have already discussed that so-called absolute dating is not as absolute as it seems 
and radiocarbon chronological estimates are always expressed in terms of probability 
estimated. Given that after calibration the confidence interval for the most probable date 
is irregular, asymmetric and in many cases multi-modal, which value will represent the 
best estimate of the true date? In fact, no single values can adequately describe the 
complex shape of a calibrated radiocarbon probability density function (Dehling & van 
der Plicht 1993; Buck et al. 1996; Bronk Ramsey 1999; Telford et al. 2004; Blaauw et 
al. 2007; Blockley et al. 2007). Telford and his group (Telford et al. 2004) analyzed 
eight estimates of the central tendency of a calibrated radiocarbon date:  (1) the intercept 
between the BP raw estimation and the calibration curve (Stuiver & Reimer 1993), 
using the mean intercept if there is more than one intercept; (2) the median intercept 
(Seierstad et al. 2002), (3) the  mode; (4) the median; (5) the weighted average or 
moment; (6) the weighted average of 2σ ranges using the range mid-points (extension of 
Bennett 1994); (7) the weighted average of 2σ ranges using the range mode; (8) the 
weighted average of 2σ ranges using the range intercept (mean intercept if more than 
one) or mid-point if no intercept in that range (Brown et al. 2002). When a single 
estimate must be used, a robust estimate such as the weighted average or median should 
be used and the method specified (Telford et al. 2004, p. 298). 
 
In the light of such researches, we have decided to use the medians of the calibrated 
interval as a point estimate of the calendar date for each archaeological context. To 
minimize the effects due to the length and irregularity of standard error of radiocarbon 
estimates plus the effect of calibration intervals, we have screened off all dates with 
standard errors higher than the width of the time interval. Although very positive, 
however, such filtering of the “best” dates does not prevent that the median is in itself a 
bad estimate of a long interval of irregular probability. Therefore, we need other 
techniques that consider the full spectrum of underlying probabilities, and not a mere 
central point in an asymmetric interval. Such techniques are usually referred as summed 
probability functions (SPFs) or summed calibrated probability distributions (SCPDs). 
The advantage of the summing a group of estimates with different probabilities of being 
true, is to produce a new unique probability density function for a period hypothetically 
defined, which is the result of the sum of the individual confidence intervals. The 
obtained result should not be interpreted as an interval of time, but as the probabilistic 
distribution of the “best” estimate. Summed calibrated probability distributions (SCPD) 
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have been used for several aims, like for instance, visualizing specific events like the 
temporal occurrence of radiocarbon dated variables (Gamble et al. 2005; Barceló 2008b; 
Steele 2010; Caracuta et al. 2012; Williams 2012; Wicks et al. 2014) or as an inference 
for demographic analysis (Turney et al. 2006; Ortman et al. 2007; Shennan & 
Edinborough 2007; Buchanan et al. 2008; Smith & Ross 2008; González-Sampériz et 
al. 2009; Oinonen et al. 2010; Peros et al. 2010; Tallavaara et al. 2010; Johnson & 
Brook 2011; Pesonen et al. 2011; Armit et al. 2013; Martínez et al. 2013; Miller & 
Gingerich 2013; Crombé & Robinson 2014). 
 
In probability theory and statistics, the cumulative distribution function (CDF), or just 
distribution function, describes the probability that a real-valued random variable X with 
a given probability distribution will be found at a value less than or equal to x. In the 
case of a continuous distribution, it gives the area under the probability density function 
from minus infinity to x. The idea is to add the confidence intervals of radiocarbon 
estimated for all isotopic events from the same archaeological event (or a series of 
related archaeological events) (Gascó 1987; Mychzyńsky 2004). This method is based 
on the superposition of the relative probability density functions of the individual dates 
(Gascó 1985; Gascó 1987; Gascó & Binder 1983; Aitchinson et al. 1991; Évin et al. 
1995; Mychzyńsky 2004; Michzyńska & Pazdur 2004; Bayliss et al. 2007). In this way, 
multi-modal and skew intervals are added to the estimate. Therefore, instead of an 
arithmetic sum, we produce a new probability density function which is the result of the 
superposition of the relative probability density functions of the individual dates (Gascó 
1985; Gascó 1987; Gascó & Binder 1983; Aitchinson et al. 1991; Évin et al. 1995; 
Mychzyńsky 2004; Michzyńska & Pazdur 2004; Bayliss et al. 2007). 
To understand how we obtain a summed probability function we can sum a hypothetical 
dataset composed of 10 random 14C events.  The figure 17 depicts calibrated intervals. 
 Fig. 17 – Dataset of 10 random 
The absolute difference betw
approximately 320 years. The problem is that such a difference is misleading because 
the confidence interval for the oldest dated event is so great that any point estimate 
within it can be used to calculate the difference.
Therefore, to add the respective confidence intervals 
estimates:  
or, in general terms, 
 
Different programs calculate this density function in a slightly different way
and 19). Such differences are due to the algorithm of interpolation applied by the each 
software and for our type of analysis are meaningless
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14C dates (Software OxCal 4.2). 
 
een the oldest sample (N. 1) and the newest one (N.10) is 
 
p1(t) y p2(t) we may combine 
r(t) = p1(t) p2(t) 
4! = J KL!L  
 
 
 (Fig. 18 
 Fig. 18 – Summed probability function of the dataset 
Fig. 19 – Summed probab
 
Certain parts of the calibration curve are directly responsible of the peaks visible in the 
SPF plot (Gey 1980; Michczynski & Michczynska 2006; Thorndycraft & Benito 2006; 
Williams 2012; Kerr & McCormick 2014
curve is steep we will obtain a small value for the standard error of the calibrated date 
and hence we have a fairly precise estimate of that value
flat, one will be much less confident of the value of it (
the areas whose effects are most relevant are the plateaus and the so called calendar age 
“step”, as represented in fig. 
summed probability plot because the plateaus convert a single date in a wide flat period. 
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ility function of the dataset at fig. 17 (Software CalPal
). It is relevant to remember that 
. Conversely, when the curve is 
Aitchison et al. 1991)
20. The first ones produce a reduction of 
 
 
). 
when the 
. Therefore, 
the peaks in 
106 
 
The second ones generate step narrow peaks through superimposition of multiple dates 
(Williams 2012). 
 
 
Fig. 20 – The effects of the radiocarbon calibration curve (IntCal09) on the summed probability plots. 
Each grey block corresponds to a radiocarbon date. The consequences of a plateau are represented on the 
right, whilst those ones of the calendar age steps on the left (Source: Williams 2012). 
 
A straightforward approach in order to evaluate the confidence in SPFs distributions is 
to use the simulation techniques for proving the validity of the analysis (Chiverrell et al. 
2011). In this respect, Johnson and Brook (2011) have tested the effects of complex 
population dynamics, like the processes of occupation of a site, the abandonments, the 
re-occupation, the foundation and the erase of archeological evidences due to post-
depositional effects in Australia during the Holocene. Simulating the interaction of such 
variables through ten 1000 years intervals to the present, the authors show that “shifting 
site occupation across an archaeological landscape, together with the gradual loss of 
evidence of occupation at abandoned sites, can produce the appearance of increasing 
occupation towards the present when the true occupation density is constant” (Johnson 
& Brook 2011, p. 3752) 
Another application of the modeling is to test null hypothesis of no relationship between 
the results obtained in the SCPDs and the effects of the calibration on the final outcome. 
Running a simulation with the same number of dates distributed in a random way in the 
analyzed time-span (the frequency is constant) we can check how particular section of 
 the calibration curve, like calendar age
distributions. 
 
 
4.3.2.1 The “Hallstatt disaster”
 
The Bronze Age-Iron age transition in Europe has been traditionally placed in the first 
half of the 1st millennium BC. As a result, in our research such a period deserves a 
particular attention, as it has been traditionally characterized by an apparent 
discontinuity between two different homogenous phases.
Regrettably, problems arise when we cope to calibra
time-span. As a consequence of the calibration process in this part of the curve, the level 
of uncertainty in the confidence intervals of such dates is incredibly high.
With the term “Hallstatt disaster” the scientific
in the calibration curve between 760 and 420 cal BC (2500
term is due to the chronological analogy to the Hallstatt society which developed in the 
late Bronze Age and the beginning of Iron Ag
Fig. 21 – The Hallstatt Plateau in the IntCal13 calibration curve
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ted radiocarbon dates located in this 
 community refers to the plateau located 
-2425 BP) 
e in the northern part of the Alps (Austria).
. 
 
(Fig. 21). The 
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The flat shape of the calibration curve in this time-span is the result of the decrease, and 
hence the return to normal values, of the percentage of 14C after a period characterized 
by an increase in the concentration of radiocarbon in the atmosphere, which is mirrored 
in the calibration curve as a sharp descent between 850 and 760 BC (2700-2450 BP) 
(Speranza et al. 2000). As asserted by many authors (Van Geel et al. 1996; Van Geel et 
al. 1998; Tinner et al. 2003; Dergachev et al. 2004; Van der Plicht et al. 2004; Swindles 
et al. 2007) the chronological range 850-760 BC is characterized by an abrupt increase 
of the amount of 14C in the atmosphere and it corresponds chronologically to the 
boundary from Subatlantic to Subboreal (2800-2500 BP), which “has globally been 
identified as a time of marked climatic change. Stratigraphical, paleobotanical and 
archaeological evidence point to a change from a dry and warm to a more humid and 
cool climate in central and northwestern Europe” (Tinner et al. 2003). Several causes for 
explaining the deterioration of climatic conditions have been adduced. The main factor 
seems to be a decrease in solar activity and a drastic increase in the galactic cosmic ray 
intensity, associated with a pronounced displacement of the Earth magnetic field which 
took place around 2700 BP. As a consequence, the zonal circulation and cloudiness 
increased and this originates a cool effect with higher precipitation, which was 
accompanied by a fast and considerable rise of the groundwater table in Europe (Van 
Geel et al. 1998; Dergachev et al. 2004). 
The effects of the plateau are clear when a radiocarbon date is calibrated, the 
uncertainty increases as we move into the flat section of the curve. Starting from the 750 
cal BC the result of the calibration of the 14C into calendar years is much more 
ambiguous than before, hence it does not correspond with a high precision to the 
archaeological date/event whose chronology we want to study. Some paradigmatic 
examples have been highlighted by Barceló (2008b). In fact, taking into account some 
dates from Catalan archaeological contexts we can clearly detect how the uncertainty 
increases. For instance, the radiocarbon date UBAR-830: 2760±40 BP (Can Roqueta II-
E 265) have a calibrated interval quite narrow: 971-804 (2σ) and 902-827 (1σ) BC (Fig. 
22).  
 
 Fig. 22 - 14C date from the structure 265 at Can Roqueta (Spain)
But as we get into the plateau the calibrated results are much more uncertain, the date 
KIA-24836: 2620±35 BP (Can Roqueta/Can Piteu
shorter standard deviation compared to the previous date it has a larger uncertainty: 
891-766 (2σ) and 818-789 (1
example, the date Beta-98211: 2570± 40 BP (Barranc de Gàfols
ambiguous calibrated intervals: 814
maxim uncertainty for the Catalan dates is reached with the date UBAR
BP from the stratigraphic unit 43 of the Aldovesta settlement which provides th
calibrated interval 753-235 BC of more than 500 years (
Fig. 23 - 14C date from the US 44 at Barranc de Gàfols 
(Spain)       
 
As an outcome we cannot take into account dates located
calibration curve and hence we have used as recent boundary for the time
research the calendar age 750 BC.
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-burial 466-1A), although it shows a 
σ) BC. The situation gets worse from 2570 cal BC. For 
-US 
-547 (2σ) and 806-593 (1σ) BC
Fig. 24). 
 
Fig. 24 - 14C date from the US 43 at Aldovesta 
(Spain) 
 in this section of the 
 
 
44) has really 
 (Fig. 23). The 
-90: 2360±60 
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-span of our 
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4.3.3 Representativeness of a sample  
 
We must take into account that the main source of uncertainty in radiocarbon dating is 
not so much the accuracy of the method, but the research endeavor itself. The possibility 
of erroneous measurements has been pointed out many times (Aitken 1990; Bowman 
1990; Hedges and Pettitt 1999; Petchey & Higham 2000) but more important are 
problems in identifying the proper sample to be measured. Given the risk of believing 
that a measured sample is representative of the wrong archaeological context is not 
surprising that there is always the possibility of unexpected extreme outliers in a 
sequence of radiocarbon estimates. This is not, however, a serious problem if it can 
detect outliers either statistically or by filtering the data consistently. However, it should 
be noted that the possibility of unidentified erroneous data affecting the historical 
hypothesis should be tested. 
 
 
4.3.3.1 Errors in the field 
 
Too often archaeologists forget that the process for a reliable radiocarbon date starts in 
the field. As we have already mentioned the primary step is to understand what exactly 
we want to date. Therefore, in order to reduce as more as possible the error in the field it 
is important to distinguish what is the phenomenon (i.e. the depositional and 
archaeological events: use of a floor, destruction layer, period of activity of a fireplace, 
etc.) in which we are interested in. If the real object of dating is unknown, too many 
mistakes can be committed during the process. Frequently, in the archaeological 
literature, a radiocarbon date is used just to justify the general chronology of the 
archaeological sites and not as a powerful tool for getting a real sequence of different 
phases of the settlement. For that it is relevant to have a clear scheme of the stratigraphy 
of the analyzed area, in order to know exactly where the sample is taken and to which 
event that layer corresponds. Collecting samples from a clean section is a useful method 
for a good selection of the most appropriate ones. If we want to collect the sample 
directly from the archaeological surface of the excavation it is advisable to take care of 
their positions. In fact, charred seed, or charcoal found inside a structure or in a vessel 
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has a higher probability to be in situ and therefore to be contemporary with the structure 
or with the vessel (Boaretto 2009). We should also take into account that preservation of 
charcoal is better in places like, for instance, under a group of stones or under a 
structure. In this case, synchronicity may not be absolutely reliable; anyway we can 
consider the date as a terminus post quem for the archaeological feature. This is why 
sample locations must be exactly documented and published accordingly. Whenever 
possible, the samples should be taken and published from a context holding objects that 
can be used in a typological sense in order to associate a conventional chronology with 
an absolute chronology in years given by the radiocarbon measurement (Stöckli 2009). 
It is clear that a correct sampling is the primary step for a reliable estimate. We should 
not forget that frequently post-depositional processes can be caused by movements 
across the sedimentary matrix covering the archaeological material (Leonardi 1992b). 
We suggest taking as a paradigmatic scheme for checking context reliability the 
approach published by the Dr. Elisabetta Boaretto in the Radiocarbon Journal (Boaretto 
2009).  First of all priority should be given to short-lived samples found in situ. In case 
of charred seeds it is advisable to find them as a cluster; in this case we have more 
guarantees that the deposition of the seeds was contemporary. Otherwise, if we collect 
seeds dispersed in the same layer we do not have secure information about the moment 
of deposition for each particular seed. 
Another good sample is bone. Animal or human bones can be regarded as short-lived 
samples; the reason is that this material continually undergo remodeling, and thus the 
collagen in any given mature bone can be between a few years old and at most around 
30 yr old (Boaretto 2009; Price et al. 2002). A good technique for the indication that the 
bone may contain collagen can be obtained in the field by dissolving a small amount of 
bone in acid and by visual inspection; if an insoluble organic suspension remains, then 
there is a high probability that collagen has been preserved. This, however, needs to be 
proved in the laboratory (Boaretto 2009). The precise location of bones in the 
sedimentary matrix is a source of information, too. For instance, bones in articulation 
should be preferred because they represent a material found in situ. 
It is also relevant to take into account the way how the archaeologist has gathered the 
samples; in fact, he or she can actually be responsible for an introduction of error in the 
process. It is suggested to use aluminum paper for storing the sample after having 
collected it using metallic tools. It is advisable to keep away from touching the sample 
in order to avoid possible contamination. Furthermore, archaeologists should be aware 
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that wet sieving can alter the PH of the samples and therefore the result of a radiocarbon 
dating (Rebollo et al. 2008). 
As a general rule, it is suggested to adopt a microarchaeological approach in order to 
reduce the introduction of error in the field (Weiner 2010). The reliability of a 
radiocarbon date always corresponds to the reliability of the archaeological context. If 
the second variable is missing we could never have a precise and accurate radiocarbon 
date. 
 
 
4.3.3.2 The “old-wood effect” and the “reservoir effect” 
 
Another potential mistake in sample selection comes from the fact that the actually 
measured sample is older (or newer) than the most probable date for that archaeological 
context, given that the measured isotope event is not synchronous with the 
archaeological event. This problem happens when processing long-lived samples, the so 
called “old-wood effect” (Schiffer 1986; Bowman 1990; Ashmore 1999). As already 
pointed, when an archaeological sample is radiocarbon dated, the time-span between the 
dead of the live-being and the moment of measurement is calculated in terms of the 
residual 14C remaining. Regrettably, the moment in which an organism stops 
exchanging radiocarbon with the atmosphere does not always coincide to the particular 
moment that we want to date. In case of long-lived samples, like wood or charcoal 
obtained by the combustion of wood, the radiocarbon date refers to the moment in 
which the plant was cut down or even to a previous moment during the life of the plant 
recorded in its inner structure made of growth rings. Hence, it is clear that those samples 
must have a value as terminus post quem, instead of an absolute estimate. In fact, the 
exact contemporaneity of the radiocarbon measurement and the calendarical date of the 
archaeological context cannot be asserted reliably. Moreover, in case of wood samples 
from architectural features of buildings, in which the organic material are well-
preserved, it is relevant to take into account the possible phenomena of use and re-use of 
the same wooden piles or beams during more than one construction phase. In such cases 
the isotopic events could be older tan the real archaeological event we want to date 
(Dean 1978; Schiffer 1986; Ashmore 1999).  
As an outcome, the date of a long-lived sample implies an introduction of error in the 
final result and therefore we must be conscious of the possible “old wood effect” when 
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a charcoal or a wood sample is analyzed. If this effect can be detected, in order to obtain 
a reliable date and to reduce as possible the uncertainty, the result should be corrected 
also through a comparison with the 14C dates from short-lived samples gathered in the 
same archaeological layer.  
We must be aware that the amount of 14C in a tree trunk varies among their growth 
rings. Therefore, if a tree has lived 100 years before being cut and turned into firewood, 
we could find fragments of charcoal with 100 years of difference each other. The use of 
wood may have been contemporary but radiocarbon samples are not. On the other hand, 
the incidence of forest fires and human action explain that everywhere human activities 
occurred there is the possibility to find charcoal generated before that action, either by 
natural processes (fire), or by previous human action. Manning (1999) has estimated 
that in archaeological sites around the Mediterranean it can be found randomly some 
piece of charcoal which is about 50 years older or newer that the archaeological event 
we suppose to date. That estimate is based on the average life of the trees in that region. 
A related trouble concerning the apparent contemporaneity between the isotope event 
and the archaeological deposition is the “reservoir effect”. 
The 14C exchange between the live-being and the environment depends on the source of 
absorption of the instable isotope when the organism was alive (Münnich et al. 1958; 
Stuiver & Braziunas 1993). If the exchange happens in a different environment from the 
atmospheric one the standard amount of radiocarbon present in the archaeological 
evidence is affected by variation of the percentage. This is the case of marine organisms, 
which exchange radiocarbon with the sea and not directly with the atmosphere. Between 
the concentrations of 14C in a sample that has exchanged radiocarbon with the 
atmosphere and another from a marine context there is a difference of around 400 years. 
If the sample originates from the sea bottom such a difference can increase till 1800 
years. This is why a different calibration curve is used for marine samples (Reimer et al. 
2013). 
Although this effect apparently does not affect directly the archaeological samples from 
terrestrial sites, it is relevant to highlight that the so called “reservoir effect” can also 
imply variations in the amount of radiocarbon in life beings whose subsistence base was 
mainly composed by fish and marine animals. Therefore, even if short-lived samples 
have a better value for building chronologies, we must be aware that the bone samples 
can be affected by this problem, hence, when it is detected the result of the radiocarbon 
dating should be corrected. 
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4.4 Dating historical events  
 
Now, it is time to integrate the procedure and caveats of radiocarbon measurement with 
our explicit goal of dating history, taken into account the proper nature of radiocarbon 
measurement, the uncertainty of chronological estimates and the latent risk of making 
errors, both in measuring, in data selection and in data processing. We should take into 
account, however, that chronological uncertainty must be taken in a sense radically 
distinct from the familiar notion of risk error, from which it should be properly 
separated. The essential fact is that “risk” means in some cases a quantity susceptible of 
measurement, while at other times it is something distinctly not of this character; and 
there are far-reaching and crucial differences in the bearings of the phenomena 
depending on which of the two is really present and operating. It will appear that a 
measurable uncertainty, or “risk” proper, as we shall use the term, is so far different 
from an no measurable one that it is not in effect an uncertainty at all (Knight 1921). In 
other words, we should look for ways for reducing the risk in chronological error, but 
also take into account that our chronological estimates are not absolute reference points, 
but probability intervals. 
Historical periods are not observable entities.  An historical period is an interval of time 
within which an undetermined number of single events happened. Such particular 
“historical” events should be understood in terms of the occurrence of social actions that 
were performed by someone who produced something somewhere and some-when. In 
general, the duration of a single historical period can be estimated in terms of the 
temporal extent of performed social actions (historical events). Of particular importance 
is the determination of the starting and final point of the historical period. We need to 
distinguish a particular discontinuity in the social actions that took place before and 
after those actions within the period. 
That leads us to the fact that dating history should be understood as an analytical 
process involving formalisation and structuring of different data sets, in order to define 
events and their causal relations (Barceló 2005; Barceló, Bogdanović, Capuzzo 2012, 
2013). We suggest an event-based chronological analysis, based on the principle that the 
event should be the analytical unit (Sewell 2005). 
An event instance describes a state or a change in the state of specific object attributes 
and occurs at a specific time (Findler & Bickmore 1996; Doyle 2006). Therefore, we 
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may define archaeological events as an expression of the fact that some percept at the 
archaeological site has some feature f in some space and temporal location e, that the 
perceived entity is in a state s and that the features defining state s of that entity are 
changing or not according to another space and temporal location e’ (Barceló 2009). 
The fact that a vessel has shape x, and the fact that a lithic tool has texture t are events, 
because a social action has been performed at this spatial and temporal location (event), 
resulting in some artifact with, among other things, some specific shape and texture 
properties. The fact that “a pit has a specific shape”, and the fact that “there are some 
animal bones inside that pit” are also events, because a social action was performed at 
this spatial and temporal location (event), resulting in a modification of the physical 
space: first the excavation of a pit, and then an accumulation of garbage items.  
We are considering archaeological events as processual events. Here we use the term 
processual regarding the temporal and structural character of this category of events, not 
in sense of “processual archaeology” as it is used elsewhere (like in Lucas 2012: 182). 
Although a processual event happens in other time dimension, in no-experienced 
historical time, it has feedback impact on further social events and its relation with 
events in the social time is interactive. Processual events form a category without a 
given coherence; they should be defined by the sum of causally related social events. 
But, in the course of historical explanation, the processual event is defined only by the 
logical construction of the research questions, which setup all variables, as scale, 
content, time, etc. As a consequence of social (or natural) action, this event by itself 
does not produce any materiality. As a consequence of causal relation of lower level 
events, it should be explained in terms of the spatio-temporal location of social actions. 
Therefore, processual events must be understood as a generated by causal convergence 
of social events in wider space and/or time span. 
If social events are inferred concepts, archaeological events are the result of 
observation, and happened in archaeological time. Between these two levels of events 
there is no feedback relation; archaeological events do not influence on the nature of the 
social event, but only on the probabilities of their discovery. An archaeological event is 
a palimpsest of depositional events which are remote consequences of direct social 
action; therefore we may describe the archaeological event as a meeting of depositional 
events and post depositional conditions. 
Archaeological events are a palimpsest of lower-level events: the particular action that 
generated the location of such item at this particular place and moment. We call 
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depositional event to these individual facts. One archaeological event can be composed 
of many different individual depositional events, with different calendar dates and 
different durations. Nor the calendar date nor the duration of a depositional event can be 
physically measured. 
To understand the diversity and variability of archaeological events, we should 
understand that they may vary according three different dimensions: space, time, quality 
and frequency. According to an ordinary definition quality is a structurally undivided 
combination of indications, features of some substance or a thing revealed in a system 
of relations with other substances or things. Frequency should be defined in terms of the 
number of times some event took place, based on the abundance of observed material 
effects by unit of space and time. Without change in quality or frequency through time 
and across space, it is impossible to differentiate archaeological events. The key aspect 
is here the “location of quality/frequency changes”. Location should be understood in 
its spatiotemporal signification. We understand by it, a characteristic of a concrete event 
that defines how the quality of the event has changed from state 01 to state 02 at two 
different places E1 and E2, and at two different moments of time T1 and T2.  Therefore, 
when there is some regularity in the changes of quality of social action across space and 
time, we say that there is a certain degree of dependence between locations, and this 
dependence, is exactly what gives its appearance of unity to the archaeological site.  
“Location” can only be understood in functional terms, that is, according to what 
changes at each place and at each moment. Consequently, to understand what an 
archaeological event is, we require knowledge about how social action has changed, and 
about the specific changes generated by social and natural processes. In other words, 
our analysis of the spatiotemporal variation of archaeological events will remain 
incomplete if not coupled with an explanation based on the nature (human, animal or 
natural) of the event.  
The probability of distinguished a particular archaeological event is necessarily related 
with the probabilities of detecting a discontinuity in archaeological space, that is, when 
the causative actions or formation process acting on neighboring locations are different. 
This discontinuity is the consequence of interfacial boundaries or contacts, which are 
the place where two different formation processes seem to join or to differentiate.  In 
other words, social action variability with respect to distance is statistically measurable 
only within a finite region defined by some interfacial boundaries, which are in their 
turn the consequence of some discontinuities in the spatiotemporal variation of other 
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archaeological features. This is the underlying supposition of spatial analysis in 
different disciplines (Groshong 1999). Where physical space is undifferentiated, the 
effects of social action cannot be asserted. We cannot explain the history of water in a 
lake, because water is spatially undifferentiated. However, if we can distinguish 
discontinuities along the basin lake perimeter, we can follow the geological 
transformation of this landscape. In the same way, we are able to define the temporality 
of social action only in terms of its observable spatial modifications. It is only when 
physical space (ground surface) has been modified as a result of human agency that we 
can speak about an archaeological site (Barceló et al. 2003, 2005). 
A spatiotemporal discontinuity should be analyzed as the measured changes in value in 
the spatiotemporal variability of an archaeological event. The underlying idea is that 
changes in the topology of archaeological space allow us to determine changes in 
temporal ordering of archaeological events. Both are a consequence of the particular 
interplay between natural and social events across space and time. Therefore, an 
archaeological site should be considered as the result of successive and overlapping 
modification steps (both qualitative and statistical in nature). Therefore, we may define 
archaeological space as a sequence of finite states of a temporal trajectory, where an 
original entity -physical space, that is, ground surface- is modified successively, by 
accumulating things on it, by deforming a previous accumulation or by direct physical 
modification (building, excavation) (Barceló et al. 2003; 2005). The importance of 
observable discontinuities in physical space to archaeological characterization lies in the 
fact that they frequently influence the spatiotemporal variation of other social actions 
and natural events. Consequently, the spatiotemporal structure of archaeological sites 
depends very much on where and how different discontinuities are formed. In this 
sense, the variability of the material outcomes of some social actions and natural events 
seem to act as classifiers associated with discrete archaeological units with distinct 
boundaries.  
However, no simple division of archaeological space into visually apparent regions will 
give us a temporal model of archaeological events (Barceló & Pallarés 1998).  
Spatiotemporal discontinuities are not necessarily visual features of the archaeological 
space. We are not interested in analyzing a spatiotemporal discontinuity in itself, but as 
a source of variation in the probability of social actions. It is of paramount importance 
then to describe not only the presence or absence of such discontinuities, but specially 
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the physical and mechanical attributes that control their visual features (shape, size, 
texture, composition and location).  After all, such discontinuities should be explained 
as the qualitative/frequency nature of observable changes in the physical space 
generated by social action, and their properties also explain how they influence the 
spatiotemporal location of other actions. 
Below the level of the archaeological and depositional event, there is a single event 
which appears to be fundamental for the proper temporal ordering of higher level 
events. The Isotopic event which is just the date of the separation of certain substance 
which includes carbon of the source from which that carbon was obtained (Van 
Strydonck et al. 1999, p. 434), i.e. particular death event, measured by 14C method. It is 
the only event whose location could be measured by exact methods. 
 
 
 
Fig. 25 – The architecture of our chronological inference chain, as proposed in Barceló, Bogdanović, 
Capuzzo 2012, 2013. 
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But a mere aggregation of particular and partial isotope events do not make a 
depositional event, nor an archaeological event provided the particular relationship 
between actions, agents and products is not taken into account. Instead, we should 
distinguish the possible occurrence of an isotopically determinable death event. It is the 
particular moment in which a living being -animal or plant- ceased to interact with the 
atmosphere and biosphere. We assume that the most probable calendar date of a 
depositional event will be the nearest possible to the isotopically measured calendar date 
of the isotopic event, with a standard error determined by the duration of the 
depositional event. 
Each partial isotopic event was performed in a particular sequence in relation to other 
partial events. To know the particular order of an occurring social action within the 
temporal sequence we should measure the temporal distance between such particular 
event and a referential event (for instance, today). Consequently, a simple addition of 
calendar dates of particular events within a single period do not produce a consequent 
image of the time interval because of the influence of the possible overlapping of 
different particular events, and overlapping of different, although related trajectories. 
Therefore, we should relate each isotopic event with corresponding depositional events, 
i.e. stratigraphic and taphonomic information of each dated sample. Defining context 
reliability is a fundamental step for obtaining a true relation between the radiocarbon 
probability intervals and the depositional event we are referring to. Nevertheless, 
calendar dates of isotopic events are not enough for building historical chronologies. A 
particular logical connection should be found within the isotopically determined 
calendar dates of all determinable death events within the same depositional event. The 
estimated calendar date and duration of all synchronous depositional events within the 
same archaeological event will be used to measure the date and duration of events 
higher in the hierarchy. The calculated calendar date and duration of all archaeological 
events within a single historical event should be used to compute an estimation of the 
initial and final position of events within the historical period.  
In the light of such assumptions, to date history we propose following inference chain 
(Fig. 25): 
 
Isotopic Event  Depositional Event  Archaeological Event  Social Event 
 
 
To sum up, the starting point of the chain, as already mentioned, is represented by its 
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basic unit, the 14C date (isotopic event). Such a time span, in most cases, cannot 
correspond to the exactly moment we want to date. This is the main reason why we 
have to push to an upper level of our inference chain, which is represented by the 
depositional event. It can be defined as the particular action that generated the location 
of such item (for instance a fireplace, or a floor) at this particular place and moment. 
The date of the depositional event to be as more and precise as possible must be 
composed by more than one isotopic event. Higher than the depositional event is 
located the archaeological event, which correspond to the material consequence of 
social actions happened in the past and it can be composed by many different particular 
depositional events, with different calendar dates and different durations. On top of our 
chain we have the social event, i.e. the social action which produced the material 
evidence we can detect from the analysis of the archeological record. Such kind of 
structure implies that all the events, excluded the isotopic one, are an assemblage of 
punctual events with different durations.  
Many times there is not enough information to define archaeological events from the 
description of temporally asynchronous depositional events. Although the relevance of 
spatial information has been argued early in the history of archaeology, main efforts 
were faithful to systematization of vertical disposition of layers and objects in order to 
establish relative chronologies. The key developments for spatial and temporal analysis 
in the method of archaeological excavation and recording are certainly the Kenyon 
method of phasing (Kenyon 1971) and the Harris principles of stratigraphy (Harris 
1975, 1979). The phasing method, as well as the stratigraphy method concern strata as 
packages distinguished by sediment homogeneity and specific content. Each individual 
deposition episode is represented as a node in the graph, and relative chronological 
relations are shown as lines between the nodes.  
Although events which have produced formation of layers have certain duration, the 
nodes in a Harris Matrix are points in a one-dimensional partial ordering, rather than 
time spans. Nodes organized in graph by the low of superposition may only describe 
three situations:  
• something is later than, or earlier than something else  
• there are no relationships between two,  
• the two are contemporaneous.  
 
On these assumptions Holst (2004) suggests that an accurate structural analysis of 
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chronological consequences of different depositional events, can give us starting and 
end point of one event. Relating stratigraphic units in that way may not respond only to 
the law of superposition, but it may represent their causal relation. The possibility of 
representation of durations has to be represented by a new concept: “broadly 
contemporary”, which expand classification of chronological consequences.  
Further developments of temporal reasoning have opened the door to new background 
knowledge for building chronologies. It has been suggested that events happen within 
“coherence volumes”, where all living and dead participants “meet” (Doerr et al. 2004). 
Causal relationships and event order information produce a temporal network, which in 
combination with absolute dates can fix “floating” events in one relative chronology. 
History is not a simple succession of episodes on a timeline. It is a flow of events that 
origin consequences in other, posterior events. Spatial information cannot be 
transformed into temporal information in any simple nor formal way. We need 
additional information. This statement has been asserted in modern causal analysis 
(Shafer 1996; Pearl 2000; Sloman 2005), when it has been formally proved that to 
connect causally an event with another in the same historical trajectory, four conditions 
are necessary: 
• one event should precede the next one in the trajectory, or be contemporary, 
• when two events are independent, there should be a location in the graph 
representing the historical trajectory where both have their probabilities altered, 
• one event tracks a second when the probability of the second is the same in any 
two graph locations where the first happens and the same in any two locations in 
the graph where the first fails, 
• one event is a positive sign of a second if the probability of the second goes up 
whenever the probability of the first goes up, and goes down whenever the 
probability of the first goes down. The probability of the second is allowed to 
change arbitrarily when the probability of the first does not change at all. 
 
The first condition can be archaeologically tested in a Harris/Holst diagram showing 
seriated temporal units, although without causal relation between them. The other 
conditions are much more difficult to analyze in the archaeological record. They are, 
however, necessary to find an estimation of calendar dates and duration of historical 
periods on the basis of their constituting events.  
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As an ordered sequence of related events, the specific chronology of the historical 
period should be calculated not only in terms of the chronology of the constituting 
historical events, but also in terms of the specific order or relationship between them. 
The chronological order depends on the specific ordering based on causal relations 
between related events within the same period. 
Therefore, the process of dating should follow chronological inference chain, which 
begin with smallest unit, as it can be an isotopic event, i.e. the sample which provide us 
14C date interval. Relating it with an individual or collective action (for example flint 
knapping or house building) engaged directly with material transformation represented 
in a depositional event, and then discovering relation of individual actions to 
archaeological event, we can define space, time and content of social event which have 
generated material residues; to arrive finally to processual categories as social 
transitions, or technological shifts. 
 
 
 
 
Fig. 26 – Way to describe duration of a historical period. 
 
 
Although the duration of an historical period, or processual event, can be estimated in 
terms of the duration of performed social actions, a mere aggregation of events within a 
single period would be misleading if the particular relationship between actions, agents 
and products is not taken into account. Each partial event was performed in a particular 
sequence in relation to other partial events, and each one had a particular duration. 
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Duration (“running time”, “lifespan”) can be defined in terms of the difference between 
two consecutive points within the same trajectory. Such a trajectory is configured by the 
particular sequence relating the particular events. Nicolucci and Hermon (2014) follow 
this idea and suggest that the duration of an event is a mapping f from E to, which 
assigns a real number to an event. The duration measures the time-span of the event. 
If there is a dating, the duration of an event can be computed: 
f(e) = sup (d(e)) – inf (d(e)) 
There may exist events that are outside of the domain of the dating function, i.e. for 
which no dating is available, but having a duration; and events for which neither the 
dating nor the duration is available. 
Note that in normal speech duration may refer to the time length of an event (“a 
duration of four years”) but also to its time-span (“the war duration was from 1939 to 
1945”). 
To know the particular order of an occurring social action within the sequence we 
should measure its calendar date (Fig. 26). Consequently, a simple addition of calendar 
dates of particular events within a single period do not produce a consequent image of 
the time interval because of the influence of the possible overlapping of different 
particular events, and overlapping of different although related trajectories. Of particular 
importance is the determination of the starting and final point of the Event. We need to 
distinguish a particular discontinuity in the social actions that took place before and 
after those actions within the period. 
 “One of the problems with much existing social archaeology is that it has tried to write 
a history of very generalized social institutions, made up of vague roles, when it has 
evidence in general not of roles but of practices” (Shennan 1993: 55 [in: Lucas 2012: 
170]) 
Although we do not know what actions have produced what material consequences, we 
can relate the variability of observable features included in archaeological record, as 
location, shape, size, content, composition, and texture, with the variability of social 
actions through time and space. Consequently, we can infer the variability of social 
action from the variability of the archaeological record, and we can infer social 
organization from the variability of inferred social actions. 
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4.5 From theory to method. Estimating the duration of historical 
periods 
 
 
The determination of the order of occurrence of past events is what we usually cal 
“chronology”. It necessarily involves obtaining information to determine the sequence 
of these events. A succession can be defined as the dimensional representation of the 
relational structure of similarities/differences between events. In archeology spatial 
contiguity relationships are the most usual way of building archaeological sequences. 
The paradigmatic example is the Harris Matrix (Harris 1979; Trigg 1993; Sharon 1995, 
Herzog 1995, 2002, 2004; Blakham 1998; Estévez &Vila 2000; Roskams 2000; Holst 
2001, 2004; Bibby 2002; Day et al. 2005; Barceló et al. 2005). Non-spatial continuity 
relationships can also be used to build a succession reflecting the pass of time. It is what 
we usually refer as “seriation”: the more similar is the shape of two objects, or the more 
artifacts of the same type in the same context, the closer in time are their respective 
archaeological events (Ford 1962; Djindjian 1990; Barceló & Faura 1997; Buck & Sahu 
2000; Baxter 2001, 2003; Mameli et al. 2002; O’Brien & Lyman 2002; Halekoh & Vach 
2004; Lipo et al. 2006). 
In any case, any ordering of archaeological events will give us information about the 
duration of such an event. The duration of an event is nothing more than an estimate of 
the difference between two consecutive turning points in the same sequence.  
For example, a Sn event may be older than other event Sn +1. If we have a proper 
estimate of the most probable date for each event, the difference between the oldest and 
the newest can be understood in terms of an estimation of this duration. If So is the 
proper date of an event of reference, whose date is well known,  
∆t = (Si - S0) - (Si+1 – S0) 
A "historical period" is a qualitative range of time within which a number of events is 
assumed to have occurred, although generally, the type and form of the relationship 
between such events is unknown. Historical periods are constituted by an ordered series 
of events, defined in terms of the actions that took occurred. To be able to define this 
period, constituting events must be contiguous in space-time. The purpose of a 
chronological analysis is then to estimate the probability that some event (isotopic, 
depositional, archaeological, social) starts or ends at some particular moment of time 
(Doerr et al. 2004). Hence, the process of estimating the duration of an event actually 
involves the testing of a statistical hypothesis, rather than direct inference. The estimate 
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of the duration should not be understood as a measure that summarizes the 
archaeological dating of the same event available, but as a test of the plausibility of the 
hypothesis that seeks to determine whether the events are different in time, and then 
considering the difference of such estimates as a measure of duration (Steel 2001; 
Bayliss & Bronk Ramsey 2004; Bayliss et al. 2007).   
Whereas a cumulative probability density function, in the sense argued by Bronk 
Ramsey (2009) gives us a hint of continuity and discontinuity along an historical period, 
a standard histogram giving the frequency of dated archaeological contexts per time unit 
can give us a preliminary intuition of the duration of an historical period (Gascó 1985; 
Pazdur y Michzylska 1989; Aitchinson et al. 1991) (Fig. 27). Archaeological literature is 
full of confusions between counts and frequencies. For instance, counting the number of 
burials at a cemetery is not a measure of the frequency of burials, not of the number of 
repetitions of such a ritual practice in the past because different cemeteries have 
different extensions and temporal durations. The number of tools of a specific type 
found at a particular activity area is not a measure of the frequency of that 
archaeological type, because the probability of finding that type is different at different 
activity areas, and we cannot assume the homogeneity of the underlying process. 
 
  
   
Fig. 27 – Histograms of frequency of the dates included in the dataset at fig. 17. The median values have 
been adopted. We have used time-spans of 50, 75 and 100 years. 
 
The rationale of the method assumes that the number of dated archaeological contexts in 
a given time period can be expected to be monotonically related to the length of the time 
period, i.e. longer periods generate a stronger archaeological evidence which increases 
the probability that material suitable for radiocarbon dating is collected and analyzed 
(Surovell et al. 2009). Consequently observed peaks in an histogram of dates, as well as 
observed peaks and valleys in the SCPD may be taken as a signal of start and end 
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events. The steepness of the slope of an increase or decrease may be indicative of the 
rapidity of the process of rise or fall. It would obviously be possible to examine patterns 
like these mathematically, but archaeological practice has generally been simply to 
examine probability distributions visually (Barceló et al. 2013). Chiverrell et al. (2011) 
warn of the fact that georeferenced radiocarbon databases incorporate multiple types of 
dated contexts with differing chronological relationships between the 14C measurements 
and the dated events, with pre-dating, dating, or post-dating chronological control each 
displaying variable length temporal lags all mixed together in the same analysis.  
More details about the problems remaining with this approach are covered in the 
chapter 7. 
 
 
4.6 Bayesian analysis of radiocarbon measurements 
 
When we want to define a historical period in a quantitative way what we have to 
identify is an interval of time within which an undetermined number of single events 
happened. One isotopic event (radiocarbon date) is not enough for describing it 
correctly. In fact, the duration of each event is enabled by many isotopic events, hence it 
is not punctual in time, but it is represented by a time-span which includes all the 
probabilities of the radiocarbon dates which make part of the depositional event and of 
the archaeological event too. As a consequence, we absolutely need to take into account 
a large amount of isotopic events, which has to be analyzed through statistical 
techniques in order to provide the correct answers to our questions. Therefore, dating an 
archaeological event means to restrict the region of coherence characteristic of that 
assemblage of isotopic events, defining the temporal boundaries. The degree of 
precision of each one of the single dates, like the duration of each event, is the main 
variable for the precision of the archaeological event. Theoretically, to restrict the 
uncertainty we could calculate the average of the dates of each specific event which 
forms the archaeological event. In this way we could correct the distortion caused by the 
uncertainty of the dates (Mychzyńsky 2004; Dolukhanov et al. 2005). However, this 
assumption is only valid when the dated samples are homogenous, i.e. they come from 
the same item, for instance the same bone or the same wooden feature. In this case the 
error characteristic of the archaeological event is normally distributed symmetrical, so 
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the weighted average of the dates of different samples of the same event can be used as 
estimate the central trend of the archaeological event. Hence, assuming that the date of 
individual samples are in agreement, we could combine more than one date in order to 
produce a more accurate one, as their combination would provide a better estimate of 
the error associated with each date and the calibration process. As much dates of the 
same event, as greater the precision of the date would be (Long & Rippetau 1974). 
Currently, datasets composed by a great amount of radiocarbon dates have been 
developed. Therefore, the necessity to take into account and to analyze a large number 
of 14C dates is a fundamental stage in order to date correctly history. When we want to 
analyze such datasets we need statistical tools, which take into account any kind of 
information we have about for instance the contexts of provenience of the samples. 
Currently, the most widespread approach to interpreting radiocarbon dated 
archaeological contexts in the Bayesian one. The fundamentals of such an approach are 
presents in the Bayes’ theorem, which represents an important result in the 
mathematical manipulation of conditional probabilities. Two years after the death of the 
Reverend Thomas Bayes, an English mathematician and Presbyterian minister, his main 
work “An Essay towards solving a Problem in the Doctrine of Chances” was published 
(Bayes 1763). In this dissertation Bayes introduced the so called Bayes’ theorem, which 
states the relation of probability between two or more elements as it is expressed in the 
formula: 
 
MC N⁄  = MN C MC⁄MN  
 
 
In which: 
• P(A) is the probability of the event A 
• P(B) is the probability of the event B 
• P(A/B) is the conditional probability of A given B 
• P(B/A) is the conditional probability of B given A 
 
In such formula we can distinguish three main kinds of information; the first one is the 
posterior probability P(A/B) or the probability of a particular parameter set given the 
measurements and the prior, the second one is the prior information or the information 
about the parameters P(A) and P(B) that we have apart from the measurements, the third 
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one P(A/B) and P(B/A) is the likelihood for the measurements given a set of parameters 
(Bayes 1763, Buck et al. 1996; Buck & Millard 2004; Bayliss et al. 2007; Bronk 
Ramsey 2009a). Therefore, through such an approach we can makes inferences based 
on the a posteriori probability distribution of the parameters as given by, which 
combines a priori probabilities for the parameters with the likelihood of the data (Buch 
& Millard 2004). 
The most relevant source of information is represented by the prior information, or a 
priori information, using the Latin term. Its role is to force the final result to follow 
certain assumptions. Such constrains are based on the previous knowledge obtained on 
the problem that we want to solve before observations are made, in particular, it relates 
with the ordering of the data in case of radiocarbon dating. Consequently, through the 
term posterior or a posteriori information we refer to what is held after observations are 
made. Bayesian statisticians obtain posterior information by combining prior 
knowledge, a likelihood function and relevant data (Buck & Millard 2004). 
 
But how can we apply it in the analysis of radiocarbon dated archaeological contexts?  
 
In the Bayesian radiocarbon, this mathematical theory was introduced in order to define 
probability of success for cases in which the observed data are provided with qualitative 
or semi-qualitative information about the relative relationships between the samples and 
the expected results. 
Currently, Bayesian approach is fundamental for the analysis of radiocarbon dates. In 
facts, it deals both to the process of calibration and to the treatment of a dataset 
composed of a large number of 14C dates. In the first case it uses the information from 
the new measurement and information from the 14C calibration curve. In the second case 
Bayesian statistics provides a coherent framework in which such analysis can be 
performed and is becoming a fundamental point for several radiocarbon dating 
researches. In fact, once calibrated 14C dates have probability density functions which 
are not normally distributed density functions, as a consequence, many of the standard 
methods of classical statistics cannot be applied (Bronk Ramsey 2009a). 
It is meaningful to remember that in archaeology “there are two main types of date 
information available to us in the study of chronology: calendar and relative” (Bronk 
Ramsey 2009a). The first one is represented by events whose absolute age is previously 
known by different sources (dendrochronology, documentary sources, etc.); the second 
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one gives us information about the ordering of studied units. The relative one is directly 
connected to the analysis of the contexts and hence to the stratigraphic sequence of the 
archaeological site. 
During the process of modeling a dataset of radiocarbon dates in order to build an age 
depth model thanks to the Bayesian statistical analysis we can introduce such prior 
knowledge in terms of the order of the dates in the sequence. It follows that the results 
of the models must accomplish these pre-established criteria and the dates which do not 
respect such criteria should be considered outliers, and the reason for a date to be an 
outlier must be accurate checked. 
Nowadays, several tools are available in order to calculate the posterior probability 
distributions of an existing sequence of dates. The most widespread for analyzing 14C 
dates is the software Oxcal 4.2 (http://c14.arch.ox.ac.uk/oxcal.html) elaborated by 
Christopher Ramsey and his team at the Oxford Radiocarbon Accelerator Unit. 
The order of dates in the sequence can be obtained mainly in two possible ways, 
depending on the aim of the age-depth model we want to obtain. 
According to a micro and semi-micro scale, like in a settlement the radiocarbon dates 
need to be linked to the observation in the archaeological stratigraphy and this will be 
our likelihood distribution of data. It follows that samples located in more recent 
stratigraphic units should provide more recent dates than sample collected from older 
strata in the sequence. In this first case our aim is to quantify the time boundaries of 
different strata (e.g. archaeological and depositional events) with 14C dates. If we adopt 
a macro scale, like for instance for the study of a region, we can use phases composing 
the conventional chronology as a prior information. In this second case dates are 
ordered according to the typologically dated archaeological contexts; the aim is to 
quantify the boundaries between the various phases. 
Furthermore, in the OxCal 4.2 Software we can also add another kind of prior 
information which deals with the location in time of our data, for instance a precise 
temporal value with the function of terminus post quem or terminus ante quem for the 
archaeological sequence, in English the “date before which” and the “date after which”. 
Such values constrain our data to be located in time before or after a particular past 
event took place. An example can be traced in the recent 14C-dated eruption of Santorini 
(Thera) in Greece which spread a great amount of volcanic ashes in the Eastern 
Mediterranean. Such deposits, which were trapped in the archaeological record over a 
macro-area, can be currently used as a time-marker to define the chronological 
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sequences of many sites. The event has been dated to the 17th c. BC in the Middle 
Bronze Age (LaMarche & Hirschboeck 1984; Hammer et al. 1987; Baillie & Munro 
1988; Manning 1988, 1999; Manning et al. 2002; Hammer et al. 2003; Bronk Ramsey et 
al. 2004; Wiener & Earle 2014). Recently, a branch of olives that was buried in tephra in 
Santorini has provided the following date 1621-1605 BC for 1σ probability and 1627-
1600 BC for the 2σ (Friedrich et al. 2006). 
In any case, we need to build the model according to our understanding of the sequence 
and this is our prior distribution. In OxCal 4.2 the modeled distribution of the data is 
given as the posterior distribution with the calculated agreement indexes. Moreover, the 
modeling enables narrowing down the sometimes quite large ranges of dates, and makes 
relatively precise dates to each archaeological layer dated. This is actually one of the 
main advantages of the technique. 
In the program we can introduce both the dates and the different available prior 
information, both relative and calendar. In case of calendar ages, such information is 
introduced in the software for the Bayesian chronological analysis as a probability 
density function, it represents the likelihood and the relative date information is the 
prior (Bronk Ramsey 2009a). However, as noticed by Ramsey (2009a), “ultimately the 
distinction is somewhat arbitrary and one can simple see the statistical method as a way 
of combining all of this information together”. 
The result of the modeling produces a sequence of dates associated to an agreement 
index which establish the validity and the strength of the model. In OxCal 4.2 the 
agreement between the posterior distribution of the data and the prior distribution 
follow a convention, meaning that 60% is taken as the threshold for acceptance for the 
individual and overall agreement indices. If the agreement index is less than 60%, this 
means that the data do not fit the model and a re-evaluation of the data or of the model 
is needed. OxCal 4.2 provides agreements indexes both for the single radiocarbon dates 
and for the whole model with the indices Amodel and the Aoverall. 
It deserves a particular attention the method used by the OxCal 4.2 software for defining 
the structure of a phase. It relates to the already expressed concept of event. Indeed, a 
phase can be seen as a depositional event, an archaeological event or a social event and 
it is described by two other events, a Start event which establishes the beginning of the 
phase and an End event for the finish of the phase, we can refer to these events as 
boundary events. “The type of group is defined by the type of boundary used. A simple 
Boundary at the start and end of a group defines a uniform phase. A Zero_Boundary is 
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used to define the start or end of a group where the event rate has a ramped distribution. 
A Tau_Boundary can be used to define an exponentially distributed group and a pair of 
Sigma_Boundary statements, a normal distribution. The latter two types of group allow 
the events to spill beyond the dates of the boundaries themselves and allow the creation 
of models of processes that do not have definite start and end events” (Bronk Ramsey 
2009a). An example of such a construction is represented in figure 28. 
 
 
 
Fig. 28 – Structure of the events (phases) in OxCal 4.2. All the events are sandwiched between two 
boundaries and treated as a single group (Source: Bronk Ramsey 2009a). 
 
The different types of boundaries imply different constraints on the radiocarbon dates 
included in each phase. Eventually, the program provides modeled values for the 1σ and 
the 2σ for both 14C dates and boundaries. 
The application of such a methodology on the European Bronze Age and Iron Age 
transition case study will be approached in chapter 6. 
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5  THE EUBAR DATABASE  
 
 
5.1 Introduction 
 
The last decades have been characterized by a growth in the amount of radiocarbon 
dates databases for European Prehistory. Many of them can be consulted on-line, like 
for instance the BANADORA (http://www.archeometrie.mom.fr/banadora/) developed 
by the CNRS, the Université Claude Bernard - Lyon 1 and the Université Lumière - 
Lyon 2, the RADON – Radiokarbondaten online (http://radon.ufg.uni-
kiel.de/pages/home) (Hinz et al. 2012), the database of radiocarbon and stable isotopes 
measurements of the Royal Institute for Cultural Heritage in Brussels (IRPA-KIK) 
(http://c14.kikirpa.be/), the recent database of Archaeological Chronometry in Slovakia 
(http://www.c14.sk/) and the Database of Catalan Radiocarbon Dates developed by the 
Laboratory of Quantitative Archaeology of the Autonomous University of Barcelona 
and the Museum of Archaeology of Catalonia (http://www.telearchaeology.com/c14/).  
For the structure of the EUBAR database7 we took as a model the Catalan database, 
which has the advantage of including information about the context and some particular 
classes of material remains associated with it. 
The EUBAR database includes information about more than 1600 radiocarbon dates 
from every kind of archaeological context from a wide territory between the Ebro and 
the middle course of the Danube River. The area embraces the North-Eastern part of the 
Iberian Peninsula, Andorra, Southern France, Northern Italy, Switzerland, Liechtenstein, 
Austria and Southern Germany. In some punctual cases we have also introduced data 
from the neighboring territories, like Slovenia, Czech Republic, Northern Germany and 
Central Italy. The analyzed time span goes from 1800 to 750 BC, the end date is  
determined by the “Hallstatt plateau”: a plane form on the calibration curve, caused by 
variations in solar activity, which debars us from taking into account dates between 750 
and 400 because the results would be characterized by too large a time span, and so 
would not be useful for a statistical analysis (Van Geel et al. 1996; Van Geel et al. 1998; 
                                                 
7
 The EUBAR database can be looked up in the webpage http://www.telearchaeology.com/. 
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Speranza et al. 2000; Tinner et al. 2003; Dergachev et al. 2004; Van der Plicht et al. 
2004; Swindles et al. 2007; Barceló 2008) (see chapter 4.3.2.1). Each entry of the 
database corresponds to a single radiocarbon date. Our challenge has been to collect lots 
of information about 14C dated archaeological contexts, which were dispersed in 
different journals and monographs, many times the publications were in different 
languages according to the country of issue. Such a big source of data has been 
integrated in direct communication with the authors of data, who offered us the 
opportunity of developing a more up to date database. 
 
 
 5.2 Location in the physic space and in time 
 
The location of the archaeological site from which the sample collected for the 
radiometric analysis originates is a primary issue in a database of radiocarbon dates. 
Regrettably, as we were not dealing with first hand data, but with data coming from a 
wide variety of excavations, in the majority of cases such kind of information is 
provided just in a qualitative way or it is even missing. Frequently, just a general 
location of the archaeological sites is reported in the references, often using photos 
which do not allow defining the exact location of the archaeological evidences in the 
territory. In light of this situation, an important issue of the database is the quantification 
not only of the concept of time but also of the space. Therefore, even though for each 
samples we have reported the position of the site in a qualitative way (municipality, 
province, district, canton, region and country), we have also marked the location using 
the geographic UTM coordinates in meters. When precise locations of the collected 
samples or at least of the site were lacking we employed published photos of the site 
together with the software Google Earth (Software: Google Inc. (2013). Google Earth, 
Version 7.1.1.1888) in order to define a correct position in space for the archaeological 
evidence. In the most unfortunately cases, in which just the radiocarbon date was edited 
with a general position according to qualitative information like the municipality of the 
archaeological site we tried to provide a location using the geographic coordinates of 
the municipality and the description of the deposit given in the bibliography. Such cases 
have been marked in the database; in fact the location is not truly reliable and should be 
associated to a standard error. 
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In each entry the location of the site/dated context was also reported according to the 
correspondent geographic regions. These values could be useful when exploring the 
data, for instance when want to visualize the dataset of a certain area characterized by a 
geographic homogeneity. 
The z values (altitude) for the gathered samples were in most cases not given in the 
references, hence we did not include such values in the database. 
Regarding the notion of time we have reported for each sample the radiocarbon date 
both in years BP with the associated standard deviation and in years cal. BC for the 1σ 
(68,2%) and the 2σ (95,4%) probabilities. The dates were all recalibrated using the last 
calibration curve IntCal13 (Reimer at al. 2013) and the software OxCal 4.2 (Bronk 
Ramsey 2009a). When the information about the conventional chronology of the 
context associated to the sample was provided by the references, it was reported in the 
entries. Four traditional chronological frameworks for the Bronze Age and the 
beginning of the Iron Age were considered: the Spanish chronology, the Southern 
French one, the Italian chronology and the chronological terminology adopted in north 
of the Alps regions (Switzerland, Austria and Germany) (see chapter 2). The year in 
which the samples were analyzed is also indicated in the database, when the exact year 
was absent in the references we used a time-span which embraces the period between 
the date of the excavation and that one of the references’ publication.  
 
 
5.3 Site, material and archaeological context 
 
After the location in space and time of the radiocarbon dated archaeological site we 
presented the function of the site and its typology. In the EUBAR database every kind of 
archaeological context has been included. The majority of the samples originate from 
settlement area, followed by funerary contexts, mines, infrastructures (like bridges or 
routes) and cultural areas. For a small amount of samples such information was lacking. 
Then, among the large variability in the typologies of the sites we have specified the 
corresponding one for each 14C dated archaeological site. In case of the funerary 
contexts the typology of the tomb and the funerary rite has been indicated. 
The successive part of the entry relates to the analyzed material. As we already 
highlighted in the chapter 4 not all organic materials provide dates with the same degree 
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of quality, therefore it is necessary to know from which kind of material the date 
originates. In the EUBAR database such information is correctly reported in each 
record, as well as the provenience of the samples, which is fundamental in order to 
check the context reliability and consequently the quality of the date. The critical 
analysis of each radiocarbon date, concerning the stratigraphic and taphonomic 
information of each sample has been an essential step in order to define the context 
reliability. 
Regrettably, in the majority of the databases of radiocarbon dates few or no information 
about the materials associated to the dated sample is present. This represents a clear 
stumbling block for any research whose starting point are the radiocarbon dated 
archaeological features. 
As an onset of such situation we decided to dedicate a large part of the EUBAR 
database to the description of the context associated to the radiocarbon sample, which 
represents the main and the most relevant part in the database. 35 variables which can 
be associated to the dated sample were selected. The majority of the values are indicated 
in terms of presence/absence of such variables. We took into account variables referring 
both to settlement and funerary contexts, and in particular we have used functional and 
economic typologies, in order to collect information about the society that created the 
analyzed archaeological record. The variables can be divided into two macro groups; 
the first one is composed of the social and economic factor, like the subsistence base, 
the settlement structure and the exchange networks; the second one is made up of 
pottery typologies characterized by macro scale diffusion. 
 
 
5.3.1 The importance of social, cultural and economic variables 
 
The aim of the EUBAR database is to collect information which can be useful in order 
to understand which kind of society left the traces documented in the archaeological 
record. The reconstruction of past social actions through the analysis of their material 
remains represents a main aim of our research. To achieve this goal it is of basic 
importance the presence of variables which can provide us information on this topic. In 
particular, in early complex societies like those who populated European territories 
during the Bronze Age and the beginning of Iron Age the necessity of taking into 
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account multiple factors relating to cultural, social and economic features in their 
correct space-time depth is an essential point for every kind of spatio-temporal analysis. 
The first and the major variable included in the database relate to the funerary ritual. In 
particular, we have distinguished between inhumation and cremation burials. We have 
additionally reported information about the type of the tomb, including individual 
graves, double graves, multiple graves and princely burials. The study of funerary 
contexts, included in the so called archaeology of the death, is fundamental in order to 
reconstruct the societies of living beings (Saxe 1970; Binford 1971; Chapman et al. 
1981; Tarlow & Nilsson Stutz 2013). In fact, we must remember, as Bradley (1989) 
pointed out that the treatments of the dead of a community are a result of the conscious 
and intentional decisions taken by living people. Hence, such decisions can reflect many 
aspects, like the status of the deceased his or her social position in life, the position of 
his or her kinship group, the richness of the group (Ruiz Zapatero 2004). 
The second variable included in this group is represented by the settlement structure 
expressed through the presence of traces of fortification. According to several authors 
one of the main features of the analyzed period is a trend to a settlement concentration, 
which is the background for the rise of Iron Age historical towns, and also the diffusion 
on a large scale of fortified villages, which are a clear evidence of social tension 
(Kristiansen 1998b). In the EUBAR database we have distinguished among different 
types of fortification like, for instance, walls of stones, palisade, ditch, embankment and 
natural fortification due to the location of the site. Such categories cover a wide range 
of settlements typologies whose arise in Prehistoric Europe matches with the central and 
last phases of Bronze Age. In this framework we can cite two typologies in particular: 
the Terramare settlements in the Po Valley (Northern Italy) characterized by the 
presence of a earthwork encircled by a wide moat supplied with running water (Bernabò 
Brea et al. 1997), and the castellieri, developed in Istria, Dalmatia and neighboring 
areas, whose main feature were one or more walls of stones or a wooden palisade which 
rounded the settlements usually located on hills (Marchesetti 1903; Montanari Kokelj 
2005; Bietti Sestieri 2009). 
The third and the fourth variables relate to the subsistence base; they are a reflection of 
the type of economy carried out by the social group who inhabited the settlement. We 
have included in this group the predominant domestic animal and the presence of 
agriculture. The knowledge about the first one originates from the studies of the 
faunistic evidences collected in the archaeological record. The values adopted by this 
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variable are cattle, pigs and sheep and goats or the association of them. When provided 
by the references we have marked for the variable predominant domestic animal both 
the number of fragments (NF) and the minimum number of individuals (NMI). The 
variation over the time in the values of this variable can allow detecting changes in the 
economic subsistence base which can be caused by different factors that should be taken 
into account case by case. For example, the predominance of cattle remains in a 
settlement can be the result of an advanced agricultural economy, in which the cattle 
was employed not only as a supplier of meat and milk but also as source of labor force 
(Tecchiati et al. 2011). 
Regarding the presence of agriculture, although for the Bronze Age it is widely 
accepted its diffusion we have marked its occurrence through either the presence of 
charred cereal remains in the archaeological context or the analysis of pollens. 
The variables related to the production, the elaboration and the use of metals are another 
source of information about the economy carried out in the settlement. Metallurgical 
activities were performed in specialized areas which could be located in settlement areas 
or in places mainly dedicated to such a function (Giardino 1995, Krause 1999; Stöllner 
et al. 2003). The importance and the implications of the control of metallic sources and 
their network in Prehistoric Europe have been discussed in the chapter 3. For copper, 
bronze and iron we have indicated both their presence and their elaboration. 
Finally, regarding the social, cultural and economic variables we have included in the 
database information about the exchange networks. 
Starting from the Middle Bronze Age there are clearly evidences for the rise of a 
Mediterranean network of contacts between the eastern part and the western one, which 
brings materials and artifacts from the Aegean world and the Levantine coast to the 
Middle Europe. For instance, we may refer to the finds of Mycenaean ceramic coming 
from villages located in the Padan Plain8 (Northern Italy) and dated to the 12th and 11th 
c. BC (Vagnetti 2002). More evidences for contacts even in a larger scale are the finds 
of two fragments of amber with a written text engraved in Mycenaean Linear B in the 
radiocarbon dated settlement of Bernstorf, in the municipality of Kranzberg, in Upper 
Bavaria (Germany) (Moosauer & Bachmaier 2000). On the light of such evidences it 
was important to include in the EUBAR database variables which allow us to detect 
                                                 
8
 Ceramic dated to Mycenaean IIIC were found in the settlements of Fondo Paviani, Fabbrica dei Soci, 
Castello del Tartaro, Frattesina, Montagnana. 
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circulation routes and exchanges in Prehistoric Europe. Therefore, we chose to mark the 
presence of Greek and Phoenician pottery as a useful indicator of such circulation on a 
macro scale. In the same category can be included all those variables gathered under the 
name of prestige objects, whose production and circulation required a constructed 
network and a political and economic base able to maintain alive such a complex 
system. Most of the selected variables in this category are metallic objects like: swords, 
daggers, knives, arrowheads, spearheads, fibulas, pins, necklaces, earrings, bracelets, 
rings and axes. Additionally, we have included the presence of precious materials like 
amber and ivory. 
The last variable which can be comprised below this macro group is the presence of 
remains of horse’s bones in the radiocarbon dated archeological context. 
 
 
5.3.2 Archaeological and time markers 
 
Archaeological types are, as David Thomas (1998) put it, the discipline’s “basic units of 
classification...They are idealized categories artificially created by archaeologists to 
make sense of past material culture” (O’Brien & Lee Lyman 2002). They correspond to 
the necessity of ordering according to specific criteria the material remains produced by 
social actions which took place in the past. Among them, archaeologists have always 
been focusing the attention on some particular kinds of archaeological type, the so 
called fossil guides. Their short duration in time gives them a value of time marker. 
According to O’Brien and Lee Lyman (2002) chronological types should accomplish 
some requirements like a continuous distribution in time and “the period of time over 
which they occur should be fairly short. In other words, each type should have occurred 
only once, and it should have disappeared after a short life. Chronologically useful types 
cannot reappear at a later date”. The main problem of using chronological types spread 
on a wide geographic area is the adoption of the concept of contemporaneity of the 
same elements located in different places, which does not take into account the 
possibilities of time gaps between the date of manufacture and the time of deposition. 
Such an approach has been criticized by several authors (Olivier 1999; Trachsel 2004; 
Arnold 2012) as explained in the chapter 2.2.  
In the light of such considerations, in the last part of the EUBAR database we have 
included pottery typologies which are traditionally regarded as fossil guides and are also 
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characterized by macro scale diffusion. The variables which form this section are: 
handles with vertical expansion, fluted pottery, carinated cups and biconicals. We have 
also included some peculiar ceramic decorations like, the helicoidal ribs, the solar 
motive, meanders, the chevrons and the zig-zag. 
We describe in the details each variable in the following part of the chapter. 
 
 
5.3.2.1 Vases with handles with vertical expansion 
 
Under the name of handle with vertical expansion we have included different types of 
handles, which are characterized by a plastic expansion that exceeds in its verticality the 
edge of the ceramic vessel (Fig. 29). Such kind of handles is usually associated to 
tableware pottery and in particular to forms like the carinated cups. The diffusion of 
handles with vertical expansion covers a wide territory which includes Northern Italy, 
part of Switzerland, Southern France and the North-East of Iberian Peninsula. Due to 
the great amount and the extraordinary diversity that handles with vertical expansion 
present in the archaeological sites located in Northern Italy and dated to the Bronze 
Age, the origin of these types has been usually placed in such an area during the so 
called Polada culture; a material culture whose most relevant evidences are the lake 
dwelling settlements developed in the regions of Eastern Lombardy, Trentino, Western 
Veneto and neighbor areas) during the Early Bronze Age (Peroni 1996; Almagro Gorbea 
1997; Espejo Blanco 2001-2002). 
 
 
Fig. 29 – Facies of Polada, pottery with handles with vertical expansion originating from the settlements 
of Lavagnone (A) and Barche di Solferino (B) in Northern Italy 
(Source: Bietti Sestieri 2010). 
  
The variability which characterizes types included in the category originating from 
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North Italian contexts can be appreciated in the figure 30. Such conventional names for 
the handles with vertical expansion types associated to radiocarbon dated archaeological 
contexts included in the EUBAR database were properly reported in each entry. It 
represents a relevant issue because a chronological value has been conventionally 
assigned to handles with vertical expansion. In particular, some typologies can be used 
as time markers, for instance the so called handle ad ascia is traditionally a fossil guide 
for the first phases of Middle Bronze Age in Northern Italy and the handle cilindro-retta 
for the Subapennine archaeological culture during the Bronzo Recente phase in Italian 
LBA (Cocchi Genick 2004; Cattani 2009b; Cattani et al. 2010; Cattani 2011; Desantis et 
al. 2011). 
As we have mentioned before, such variable is characterized by macro scale diffusion. 
The presence of this kind of handles in the archaeological contexts located in Southern 
France (regions of Languedoc-Roussillon and Provence-Alpes-Côte d’Azur) can be 
explained by the exchanges networks between this area and the Subappenine one during 
the conventional phase Bronze Final 2b (Lachenal 2011a). Influences of the Apennine 
culture in the Southern France were especially intense during the Middle Bronze Age 
and the beginning of the LBA, as identified by many authors (Dedet 1985; Gascò 1992; 
Vital 1999; Vital 2004). Starting from the central phases of the LBA such contacts seem 
to be less frequent, although they are still present as it is attested from the fragments of 
Apennine pottery originating from the level associated to the Bronze Final 2 materials 
in the Grotte Murée near Montpezat in Provence (Lagrand 1968; 1976; Lachenal 
2011a). 
The types ad ascia, cilindro-retta and a corna are also attested in several Bronze Age 
archaeological sites located in the North Eastern Iberian Peninsula, where they are 
gathered under the group traditionally named handles de apéndice de botón (Maluquer 
De Motes 1948; Barril Vicente & Ruiz Zapatero 1980; Alonso et al. 2002; Barceló 
2008b; Carlús et al. 2008). This typology has been considered as a fossil guide for the 
Bronce Medio and the Bronce Final phases (Rovira 1978; Barril Vicente & Ruiz 
Zapatero 1980). As an explanation for their introduction in Spanish contexts, it is widely 
accepted that their presence is a result of trans-Pyrenean contacts motivated by a 
diffusion process from North Italian area and with the mediation of Southern French 
human groups (Almagro Gorbea 1997; Espejo Blanco 2001-2002; Barceló 2008b). A 
quite recent overview over this topic has been published in the journal Pyrenae (Espejo 
Blanco 2001-2002). 
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Fig. 30 – Most common types of handles with vertical expansion from North Italian archaeological 
contexts (Source: Guerreschi & Ceschin 1985). 
 
5.3.2.2 Fluted pottery  
 
Fluted pottery is a widespread kind of pottery characterized by a decoration which can 
cover either the external surface or the internal one. The technique for realizing this 
kind of decoration consisted in fluting the surface of pottery before its heating using a 
tool with a blunt point. Such a decoration takes different names in the different 
European country: in Spain it is called acanalados, in France cannelures or décor 
cannelé, in the German-speaking area Kannelur and in Italy a grandi solcature. The 
most problematic aspect dealing with this variable resides in its recognition. Frequently, 
the materials associated with the radiocarbon sample are not correctly described and the 
interpretation of drawings can lead to misunderstandings. 
Regarding the decorative scheme pottery with large flutes present an extreme 
variability. The most common motive is perhaps horizontal large grooves in group of 
three decorating the upper part of tableware pottery, like carinated cups. Also the 
vertical large grooves, mainly in groups, are common. In particular in north Italian 
archaeological contexts many other types of decorative motives, which can be 
characterized by a certain complexity, are attested. Moreover, large grooves can also be 
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present as a decoration usually with a cruciform motive on the base of vessels (see solar 
motive, onwards). 
In Southern France the decoration with cannelures can be divided in two subcategories 
according to the dimension of the grooves, consequently it includes cannelures larges 
and cannelures fines (see Fig. 31 and 32, Lachenal 2010). In Eastern France and in the 
German urnfields of the Rhine Area such a decoration is typical for the period of 
Bronzezeit D-Ha A1 (Sperber 1987; Mordant 1988; De Mulder et al. 2008), where it is 
considered as the privileged substrate for the diffusion of the RSFO group (Mordant 
1988; Brun 1988; Lachenal 2011a). In Provence and in the neighboring territories this 
decoration is largely attested in particular during the Bronze Final 2 phase, whilst in the 
North-Western Italian archaeological contexts it is attested since the Bronzo Medio 2 
phase (Vital 1999). 
The chronological location in the LBA of the fluted pottery was already noticed in 1976 
by Hänsel (1976), who stated that fluted pottery was “the only and proper pottery of the 
Hallstatt period”. Nevertheless, it is important to highlight that this kind of decoration 
was also attested in the first phases of Bronze Age in the Carpathian area, even in a 
minor amount. In the Danube river basin this ornament is encountered from the Early 
Bronze Age onward and its Eneolithic genesis cannot be excluded; vessels decorated 
with vertical grooves were also characteristic of the Baden culture (Przybiła 2009). As 
far as concern the origin of such a ceramic decoration, some authors have tried to 
propose some hypothesis but no one of them have been widely accepted by the 
community of the archaeologists. For instance, a relation of this ornamentation with 
stylistic of metal vessel from the eastern Mediterranean was suggested among the 
possibilities (Przybiła 2009). 
In the North-Eastern part of the Iberian Peninsula pottery decorated with acanalados 
has been traditionally regarded as a fossil guide for the LBA (Vilaseca 1954; López 
Cachero 2007). In particular, its introduction in this area has been conventionally 
associated with the adoption of cremation burials during the last phases of Bronze Age, 
a phenomenon traditionally regarded as an expansion from the Danube-Carpathian 
regions in Eastern Europe towards the Western districts (Schauer 1975; Ruiz Zapatero 
1983; Sperber 1987; López Cachero 2007). According to a well diffused idea in the last 
century, that was inclined to join different events under the same process, these two 
phenomena were related to the same spreading model, which was the diffusion of the 
Urnfield culture. Indeed, in the Carpathian basin the development of the first stage of 
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fluted pottery culture can be placed in the chronological range referred to as the 
transition between Bz D and Ha A1, which traditionally correspond to the 13th and the 
beginning of the 12th century BC in the period of the urnfield burials (Przybiła 2009). 
Nowadays, some studies are slowly changing this perspective, proving that a difference 
in time ranges can be recognized in the two diffusions (López Cachero 2007; Barceló 
2008b; López Cachero 2008). For instance, for describing the diffusion on a large scale 
of the fluted pottery cultures in the Danube valley in the Carpathian region Gábor Szabo 
(1996) saw it a result of “homogenizing tendencies in pottery”, therefore not related to 
phenomena of massive migration, but to the diffusion of ideas (Przybiła 2009). 
 
Fig. 31 – Types of decoration with cannelures fines from Southern France archaeological contexts 
(Source: Lachenal 2010). 
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Fig. 32 - Types of decoration with cannelures larges from Southern France archaeological contexts 
(Source: Lachenal 2010). 
 
5.3.2.3 Carinated cups 
 
Among the tableware pottery we took into account a particular form of cup 
characterized by a large sharp bend (carina) located in the widest central part of the 
vessels. For such kind of bowls we have used the variable named carinated cups. These 
pots had probably a daily use and they were suitable to contain liquids, in fact the 
surface was made impermeable by polishing it, in order to reduce the porosity of the 
clay before the heating. 
Within this group a large amount of variants are included especially based on the 
analysis of the width of the carina compared to that one of the rim and the minor or 
major develop of the body of the vessel above the carina. Although this variable does 
not have a so high chronological value as the previous ones, its wide diffusion over an 
area which includes the whole territory of the EUBAR database was a fundamental 
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element for deciding to take into account this ceramic form. In this case, the research 
was addressed towards the detection of changes in frequency of such variable more than 
to the processes of diffusion. 
Regarding North Italian contexts according to the typological studies carried on during 
the second half of the last century we can include in the category several types with 
their variants (Peroni 1971; Cocchi Genick 1998; Cocchi Genick 2004). According to 
Cocchi Genick the carinated cups are the most representative type of cups in the Italian 
LBA, their variety depends primary on the position of the carina in the body of the 
vessel as it can be easily detected in the figure 33 (Cocchi Genick 2004). 
The main stumbling block in the identification of such variable, in particular among 
Italian sites, resides in the terminology used by the archaeologists, which is 
characterized by differences on a regional scale (Poesini & Agresti 2011, fig. 34).  Such 
situation represents an outcome of the traditional typo-chronological studies carried out 
during the 20th century. Frequently the terms ciotola carenata and tazza carenata were 
employed in order to define forms similar between them, whose only differences were a 
generally narrower and deeper form in the tazze carenate, which are also characterized 
by the diameter on the rim usually equal o less than the diameter of the carina, by a 
generally smaller dimension and by the presence of a handle but not a manico (Cocchi 
Genick 1995, 2004). Moreover, due to the fragmentation of ceramic artifacts caused by 
post-depositional processes an unambiguous assignment to a unique type is frequently 
impossible to reach. 
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Fig. 33 –Types of carinated cups from LBA Italian archaeological contexts (Source: Cocchi 
Genick 2004). 
 
 
              Fig. 34 – Summary table of the terminology current in use for the main pottery forms in the 
LBA- Early Iron Age in the Italian Peninsula (Source: Poesini & Agresti 2011). 
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5.3.2.4 Biconical vessels 
 
 
Biconical vessel represents the second form included among the variables of the 
EUBAR database. A vessel is said to be biconical when the sides make a sharp, inward 
change of direction, as if two truncated cones were placed base to base (Fig. 35). 
Although this particular form presents a large duration, during the LBA it is attested in 
funerary contexts with the function of urn for placing the ashes and the charcoals 
resulting from a process of cremation. In particular, in the Villanovan culture, which 
spread in Centro-Northern Italy during LBA, it represented one of the most outstanding 
features (Peroni 1996; Bietti Sestieri 2010). 
 
 
Fig. 35 – Summary table of the terminology and the forms of the biconicals originating from the LBA- 
Early Iron Age Italian contexts (Source: Poesini & Agresti 2011). 
 
5.3.2.5 Decoration with helicoidal ribs 
 
Among the decorations included in the EUBAR database the first one is a particular 
motive formed by helicoidal ribs located in the carina or in the bell of vessels (Fig. 36). 
Such a decoration presents a large diffusion in Protohistoric Europe and takes different 
names according to the countries. In the Iberian Peninsula archaeologists referred to it 
with the term sogueado, for the analogies with a thick rope (soga in Spanish); in France 
Carozza et al. (1996-1997, p. 61) named this motive motif torsadé sur l'épaulament, in 
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Italian contexts it is called motivo a costolature elicoidali (or a turbante), whilst in the 
German speaking area the term Rand (Turbanrand) is attested. We chose to include this 
decoration because it has been traditionally considered a ceramic feature of the Urnfield 
culture, attested in particular in the Danube-Balkans region and in Slovenia during the 
Ha A1 phase (Leonardi 2010). 
 
Fig. 36 –Decoration with helicoidal ribs from radiocarbon dated archaeological contexts located in NE 
Spain (A; 1-2: Can Missert), Northern Italy (B; 1: Gradiscje di Codroipo, 2: Caorle-San Gaetano) and 
Southern France (C; 1-2: Le Clot). 
 
5.3.2.6 Decoration with solar motive 
 
With the term solar motive we have included pottery with the external surface of the 
base decorated with a cross or a cruciform motive (Fig. 37). This kind of decoration was 
performed using different techniques, grooving or engraving the ceramic surface before 
its heating. The decoration is widely attested in archaeological context from Terramare 
settlements during the Middle Bronze Age (Bernabò Brea et al. 1997) and perhaps could 
represent a motive related to the element of the sun (Leonardi 2012). This and other 
kinds of kind of decoration linked to the sun will develop an ideology characterized by a 
pan-European solar cult, which spread over a macro-area in the in the last phases of 
Bronze Age (Bietti Sestieri 2010; Kristiansen 2010, 2011; Leonardi 2012).  
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Fig. 37 –Decoration with solar motive from radiocarbon dated archaeological contexts located in  the 
North of the Alps region (A; 1: Thunau am Kamp, 2: Birmensdorf-Wannenboden ), Northern Italy (B; 1: 
Solarolo, 2: Noceto) and Southern France (C; 1: Grotte du Queroy, 2: Le Clot). 
 
5.3.2.7 Decoration with meanders 
 
Decoration with meanders is also reported in the EUBAR database. This kind of 
decoration was performed either grooving or engraving the exterior surface, and 
especially the bell, of vessels (Fig. 38). We have included in this variable several 
motives with different degrees of complexity, whose basic element can be represented 
by the motive of the Greek key. This decoration characterizes especially forms with 
great dimension, like for instance biconicals and urns employed for cremation burials. 
 
Fig. 38 –Decoration with meanders from radiocarbon dated archaeological contexts located in 
NE Spain (A; 1: Pi de la Lliura, 2: Can Roqueta II), Northern Italy (B; 1: Livorno-Stagno) and 
Southern France (C; 1: L’Abion, 2: Médor à Ornaison). 
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5.3.2.8 Decoration with chevrons 
 
Decoration with chevrons is a widespread kind of decoration formed by a horizontal 
alignment of small triangles forming a band (Fig. 39). These triangles as well as their 
infill can be grooved or engraved. Their location is characterized by variability, they are 
attested both in the internal surface of vessel and in the exterior one. They are named in 
different way according the different languages: in Spanish dientes de sierra, in French 
chevrons (triangles) hachurés, in Italian denti di lupo. 
 
 
Fig. 39 –Decoration with chevrons from radiocarbon dated archaeological contexts located in the North of 
the Alps region (A; 1: Neftenbach II-Zürichstrasse 55, 2: Freienbach SZ-Hurden Rosshorn), Southern 
France (B; 1: Chatillon, 2: La Roumanine) and Northern Italy (C; 1: Monte Castellaccio, 2: Grotta dei 
Banditi). 
 
5.3.2.9 Decoration with zig-zag 
 
Decoration with zig-zag presents some analogies with the dientes de sierra, it can be 
grooved or engraved and it forms a decorative band which usually covers the exterior or 
interior surface of vessels (Fig. 40). 
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Fig. 40 –Decoration with zig-zag from radiocarbon dated archaeological contexts located in North of the 
Alps region (A; 1: Goldach SG-Mühlegut, 2: Münchenwiler-Im Loch 1), Southern France (B; 1: Le 
Bastidon, 2: Les Gandus) and NE Spain (C; 1: Pi de la Lliura, 2: Can Piteu-Can Roqueta). 
 
 
5.4 The database: contents and preliminary inspection 
 
The EUBAR database is currently composed of 1748 records, corresponding to 1748 
isotopic measurements from 650 archaeological sites. The different countries are 
represented as it follows: 534 14C dates from 261 sites located in Southern France;  422 
14C dates from 113 sites located in Switzerland; 221 14C dates from 91 sites located in 
Northern Italy; 274 14C dates from 114 sites located in the north-west of the Iberian 
Peninsula; 154 14C dates from 49 sites located in Austria; 132 14C dates come from 19 
sites located in Southern Germany; 9 14C dates from 2 sites located in Liechtenstein; 2 
14C dates come from one site located in Andorra. 
The average is one dated site each 808 km2. As we can observe in the Fig. 41 the spatial 
distribution of the data is not homogeneous. On the one hand, some area have been 
higher investigated, it is the case of the Swiss Plateau, or the areas surrounding 
important modern towns, where archaeological surveillance have been carried out in the 
last decades, like the neighbors of Barcelona and Lyon. On the other hand, areas like the 
mountains range systems of the Pyrenees and part of the Middle and Western Alps are 
characterized by a less amount of radiocarbon dated archeological sites. Doubtless the 
spatial distribution of collected data is strictly correlated to the amount of researches 
carried out in such an area. However, starting from the assumption that the process of 
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choosing a sample to submit to radiocarbon dating is a stochastic process we can argue 
that the spatial distribution of 14C dated sites would not be different from the already 
known archaeological evidence at the same time and space ranges. 
 
 
Fig. 41- Spatial distribution of data collected in the EUBAR database. 
 
The distribution of dated per site is not homogenous as well. The average is less than 3 
radiocarbon dates per site. For 54% of the archaeological sites we have only one 14C 
date, for 19% two dates and for 9% three dates. 
The most dated sites included in the database are the wooden piles of the ancient road of 
Freienbach SZ-Hurden Rosshorn with 81 measurements, the settlement of Padnal de 
Savognin in Swiss Canton of Grisons with 35 measurements and the south German 
settlement of Bogenberg with 29 measurements. 
Collected data come from a large variety of archeological contexts (Fig. 42). The great 
majority of samples were collected in residential areas followed by funerary/ritual sites. 
Other kinds of context are also represented, like places where mining and smithing 
activities are attested, among them a large number of dates originate from the Hallstatt 
mines located in Austria. Sample collected from infrastructure (wooden bridges, 
channels for roads, agricultural ditches, etc.) have been also included in the database. 
Eventually, for a small amount of sample the information about the context was 
missing, either for a lack of information in the references or because they sample was 
collected associated to items (occasional objects) out of context. 
 
 Fig. 42 – Types of contexts included in the EUBAR databa
 
Regarding the type of samples, submitted to radiocarbon dating, and therefore included 
in the EUBAR database, oldest samples were obtained with the traditional method of 
liquid scintillation counting developed by Libby. Half of the total amount of sam
was dated through the AMS method, whose results are widely accepted to be more 
precise and accurate, as well as more expensive. In addition, we have to highlight that 
such kind of information is frequently lacking in the references.
Of the total amount of the samples, 61% of the
charcoal and wood, while short
represent only 26% of the dataset (Fig
carbonate, vegetal fibers and other not specified organic materials. For 12% of the 
sample we have not been able to retrieve such information.
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5.5 Testing the reliability of data: sample prescreening 
 
In the previous paragraphs we have presented the EUBAR database, focusing on its 
structure. The backbone of the database is the analysis of the context associated to the 
radiocarbon sample, hence we have dedicated a particular care in defining which 
variable are useful in order to correctly describe the society which produced the material 
evidenced dated by the 14C. The variables have been divided in two main groups; the 
first one gathers the variables useful for providing information about social, economic 
and cultural aspects whilst the second one includes the so called index fossils. 
It is meaningful to remind that the accuracy and precision of 14C dates depends first of 
all on the accuracy and precision of the related archaeological contexts, and on any 
degree of error introduced during their analytical processes, including sample 
preparation and measurement (Boaretto 2007; Regev et al. 2012). It is therefore 
important to verify whether the selected contexts from which the 14C dates are 
recovered can be considered closed and well defined. In order to achieve this goal 
sample prescreening represents our primary stage. The collected information comes 
from different sources and has heterogeneous structure and form with different grades 
of quality. Therefore, it is necessary to formalize which dates can be considered reliable 
and consequently used for analysis. Due to the extreme variety of the sources from 
which archaeological data usually originates, the quality and completeness in the 
description of the published archaeological record can vary significantly. Regarding 
radiocarbon in particular, the exact location of the 14C sample cannot be retrieved from 
the published material; hence, association with a given context is impossible to 
ascertain. In addition, problems related with the post-depositional process, like 
bioturbation, may affect the quality of the measured samples and thus should be 
detected during the archaeological excavation. These factors reduce the chronological 
value and quality of many of the collected samples, and are directly responsible for an 
increase in uncertainty. 
As a result we have taken a particular care in order to check the context reliability, 
reported for each radiocarbon dated sample. Dates were classified as reliable if they 
follow a set of parameters that define their quality. 
As we are not dealing with our own data, from our own excavations, the quality of 
published material is essential in order to test the validity of a radiocarbon date. The 
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provenience of the sample used for dating should be explicitly marked, as also the 
association with an archaeological context described by diagnostic ceramic or metallic 
typologies. Nevertheless, often we deal with publications in which this kind of 
information is missing or unclear. If we had the date but no knowledge about the 
context, where the only we have is a date and a standard deviation, mainly because 
archaeological contexts are unpublished, we marked those dates as unreliable. 
The second case is represented by publications with a lack of knowledge regarding the 
provenience of the sample or the description of the context. Frequently, the exact place 
where the sample was collected is unclear or is not reported in the publication. Is such 
situations, although the archaeological stratigraphy was clear and well-defined, we did 
not take into account those sites because it was not possible to associate the sample with 
one particular layer. Sometimes the date is artificially associated to the archaeological 
materials which are ordered according to a typological criterion (the so called horizons) 
and not in agreement with the archaeological stratigraphy. In such circumstances we did 
not take into account those samples. 
In other cases, the lack of information regards the archaeological contexts that are 
reported fragmentarily due to various reasons: a bad publication, stratigraphic problems 
during the excavation, or missing context. The last case is frequent when the samples 
come from geoarchaeological prospections based on systematic sampling in open 
sections or from coring without excavating an open area. 
The perfect situation is when the provenience of the sample is reported in the 
publication and all the materials found during the excavation are divided according to 
the stratigraphy. In such cases we have been able to correlate the sample with the 
material found in the same stratum, which should correspond to a single depositional 
phenomenon and hence to be contemporary. 
Among all the well-defined contexts associated to the radiocarbon samples we used 
more specific criteria in order to assure the quality of the date. As a result, a flowchart 
which ordered all the archaeological contexts find in the literature was developed. 
The first position belongs to bones in articulation from funerary context, like burials 
associated to well-defined ceramic or metallic typologies. Short-lived samples like 
bones or seeds should have a better value in the hierarchical scale due to their short 
duration; in fact their dates are characterized by a less error than long-lived samples. If 
the bone comes from a multiple tomb we must check to whom it corresponds and if the 
contemporaneity of the inhumations can be proved. 
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The second position is for short-lived sample, like for instance, seeds, found in a cluster 
in a well-defined archaeological layer defined by diagnostic pottery or metallic types. It 
is relevant that the sample comes from a cluster as a guarantee of an in loco feature. In 
fact, as already mentioned, a single seed can be affected by post-depositional processes 
which could change its initial position in the archaeological record. If the cluster of 
seeds comes from a pit we need to check to which layer of the pit it corresponds, in 
order to associate the archaeological material with the sample. 
The third position corresponds to long-lived samples from secure stratigraphic layer and 
associated to clear object typologies. We can take as an example, charcoal from 
fireplaces located in an identified stratum or also charcoal found inside the funerary urn 
of a cremation burial. In this case a date from a bone sample should be preferred, but as 
often proved the collagen is not well-preserved in charred bones (Lanting et al. 2001; 
Olsen et al. 2013), hence usually the charcoals, which made part of the funerary pyre 
debris, are dated. 
The fourth place belongs to wooden samples collected frequently in wet contexts, like 
for instance lake dwelling. Usually, the sample comes from a pile or another vertical 
element which made up the architecture of the settlement. The problems arise when we 
try to associate a vertical feature with a horizontal layer. This kind of association is 
actually quite difficult and hence it is not possible to correlate the archaeological 
material with the sample. In such cases the accuracy of the date cannot be tested and for 
that reason we just have information about the possible phases of construction of the 
settlement that can be compared with the ceramic or metallic typologies just according 
to a general chronology, but not with a high resolution. 
We have marked as bad contexts samples gathered in the “infills”. As they are not 
closed contexts, we do not have any guarantee of the contemporary of the materials of 
such features, that could come from different places and therefore be the result of an 
accumulation of archeological remains of various chronologies. 
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6 REVIEW OF THE PERIODIZATION: BAYESIAN 
ANALYSIS OF 14C-DATED ARCHAEOLOGICAL 
CONTEXTS FROM NORTHERN ITALY, SOUTHERN 
FRANCE AND THE NORTH-EAST OF IBERIAN 
PENINSULA 
 
 
6.1 Introduction 
 
The Bronze Age and Iron Age in Protohistoric Europe are often characterized by a 
qualitative division. Since the beginning of the discipline archaeologists have been 
trying to divide time into well-defined time spans, usually based on the typological 
analysis of human artifacts, in particular metallic objects and pottery. Such conventional 
periods or phases constructed from the archaeological record generally serve as the base 
for all archaeological study. Three main problems with such a chronological system are, 
first the lack of uniform acceptance of those phases among scholars, second the 
differences in the terminology used for defining phases, and third the amount of good 
quality contexts and the diligence given to ensuring context reliability remain low. 
The result is a plurality of phases, which are defined differently from one country to 
another and from one school to another, and whose origins are rooted in the traditional 
studies carried out in each country over the 20th century. This approach represents a 
clear stumbling block for any research with a macro-scale geographic view. Moreover, 
the criteria adopted for correlating phases from different regions are frequently based on 
the presence/absence of archaeological materials with guide-fossil value.  
In order to relate each archaeological phase to an absolute chronology, the radiocarbon 
dating technique and Bayesian statistical analysis represent a powerful tool (Buck et al. 
1996; Bayliss et al. 2007; Bronk Ramsey 2009a). In the last few decades the increase of 
radiocarbon dated archaeological contexts for the Bronze Age and Iron Age has slightly 
improved the situation. 
In this chapter we manage to highlight existing problems through a comprehensive 
review of all the available information from 14C dated archaeological contexts in North-
Eastern Spain, Southern France and Northern Italy during part of the 2nd and the 
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beginning of the 1st millennium BC (1800-750 BC). We have also produced a model 
using data originating from the North of the Alps area, which corresponds to 
Switzerland, Austria and Southern Germany. Nevertheless, we have decided not to 
include it in this chapter due to problems of modeling in a reliable way 14C dates from 
such a large area. Moreover, the absences in produced models of dendrochronological 
data, which cover a predominant role in the establishment of the North of the Alps 
chronology, prevent us to include these models in the chapter. Eventually, my 
knowledge of German language made more difficult to guarantee the same levels of 
reliability, which is the basic principle of the other Bayesian models. 
 
 
6.2 Sites, contexts and sampling 
 
The available information originates from the EUBAR database (see chapter 4). 
The dataset used for this analysis is composed by a total of 872 radiocarbon dates, 221 
come from 87 North Italian archaeological sites and 466 from 214 Southern French sites 
and 185 from 75 sites located in North-Eastern Spain. All the 14C dates have been 
recalibrated using the software OxCal v. 4.2 (Bronk Ramsey 2009a) and the last 
calibration curve IntCal13 (Reimer et al. 2013). The datasets of Northern Italy and 
Southern France and relating references can be consulted from the webpage 
(http://www.radiocarbon.org/) as an online supplement of the Journal Radiocarbon 
(Capuzzo et al. 2014). The dates used for the analysis, including the outliers, are marked 
in bold. 
The analyzed regions of Northern Italy are Valle d’Aosta, Piemonte, Lombardia, 
Liguria, Trentino-Alto Adige/Südtirol, Veneto, Friuli-Venezia Giulia, Emilia-Romagna 
and Toscana. In Southern France sampled regions include Aquitaine, Midi-Pyrénées, 
Languedoc-Roussillon, Provence-Alpes-Côte d’Azur, Poitou-Charentes (only the 
department of Charente), Limousin, Auvergne and Rhône-Alpes. In North-Eastern Spain 
the analyzed regions are Catalonia and Aragon (provinces of Huesca and Zaragoza). 
The distribution in space of collected data is not homogenous, the average is one 
radiocarbon dated archaeological site every 1186 km2 (Fig. 44). 
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Fig. 44 - Map of the sites included in the dataset, the numbers correspond to the ID numbers of the 
dataset. Overlapping labels have not been reported. 
 
 
6.3 Data analysis  
 
6.3.1 Sample context prescreening 
 
The accuracy and precision of 14C dates depends first of all on the accuracy and 
precision of the related archaeological contexts, and on any degree of error introduced 
during their analytical processes, including sample preparation and measurement 
(Boaretto 2007; Regev et al. 2012). It is therefore important to verify whether the 
selected contexts from which the 14C dates are recovered can be considered closed and 
well defined.  
Due to the extreme variety of the sources, the quality and completeness in the 
description of the published archaeological record can vary significantly. Regarding 
radiocarbon in particular, the exact location of the 14C sample is sometimes very 
difficult to find, or cannot be retrieved from the published material, hence, association 
with a given context is impossible to ascertain. In addition, problems related to the post-
depositional process, like for instance bioturbation, affect the quality of the dated 
samples and thus should be detected during the archaeological excavation. These factors 
lower the chronological value and quality of many of the collected samples and are 
directly responsible for an increase in uncertainty. 
In spite of such problems, to the best of our knowledge we collected all the available 
dates, recalibrated them, and identified the possible outliers by evaluating the 
archaeological record and using Bayesian modeling. As an outcome, this research 
represents a starting point for future studies and points to the necessity of enlarging the 
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amount of 14C dates from good archaeological contexts. 
 
After the collection, the 14C dates were selected for modeling based on a set of 
parameters that define the quality of the dates. As we were not dealing with first hand 
data, but with data coming from a wide variety of excavations, we were compelled to 
check context reliability as reported in the references. As a consequence, a sample 
prescreening was required (see chapter 5.3). 
Initially, a distinction between long-lived samples (wood and wood charcoal) and short-
lived samples (charred seeds and bones) was made. In the case of charred seeds a 
further distinction would be necessary based on the “amount” of seeds found together. 
This is related to the cluster vs. single seed. As the latter could more easily move by 
bioturbation between different layers/strata, a cluster of seeds would be of better quality 
for radiocarbon dating. Yet, this type of information was not available in the report and 
therefore we considered seeds, as short-lived, preferable for the chronology than wood 
charcoal. The date of the wood charcoal should be interpreted carefully, and in general 
charcoal samples represent a “terminus post quem” in relation to the dated event. 
Of the total amount of the samples, 71% of the dates come from long-lived samples like 
charcoal and wood, while short-lived-samples (mainly bones, followed by seeds) 
represent only 25% of the dataset. For 37 samples such information is missing. 
As a general rule, among the samples priority was given to 14C dates recovered from in-
situ cluster of carbonized seeds or bones in articulation associated to finds and contexts 
that have a primarily ceramic or metallic inventory (e.g. more than one type of 
diagnostic pottery or metal object) found in-situ (Boaretto 2009). 
Other than these contexts, which might be rare, contexts with short or long-lived 
material were considered and analyzed, like destruction layers and installations (pits, 
metallurgical areas). On the other hand, fills and mixed contexts were avoided or rated 
low in the later analysis of the dates. Single short-lived materials, like a charred seed or 
a bone, are also of low importance due to the possibility of intrusiveness or residuality 
of the sample in relation to the context. 
Errors can also be related to the preparation of the sample in the laboratory, a process 
which aims to separate the original carbon-bearing material from the extrogeneous 
carbon and to obtain a reliable date (Mook & Streurman 1983). Therefore, in order to 
control for uncertainty it is necessary to know the chemical pretreatment and to have 
details on the measurements of the samples. Regrettably, for many samples this 
163 
 
information is lacking as it is not reported in the references. We therefore rely on the 
precision quoted by the lab as a paramater for the quality of the date.  
For the analysis carried out in this paper we took into account only samples coming 
from archaeological contexts that could be described as monophasic from the analysis 
of metallic and pottery typologies. Hence, we discarded contexts which included more 
than one conventional phase. In the same way, materials divided into artificial 
archaeological horizons, rather than stratigraphically, were not considered reliable, as a 
clear association with the sample cannot be verified 
 
 
6.3.1.1 Northern Italy 
 
Although 221 14C dates were available, 170 samples were removed after prescreening, 
leaving 51 dates originating from 19 different sites. 
In order to visualize the quality of the 51 samples retained for analysis, they have been 
represented in a plot (Fig. 45). We have used as a model the plot developed for the 
chronology of Early Bronze Age in the Southern Levant (Regev et al. 2012). The x-axis 
contains the archeological sites in alphabetic order, whilst the y-axis represents the 
chronology expressed in years BC. 
Each bar corresponds to a ±1σ calibrated interval of a single radiocarbon date; the 
choice of using ±1σ calibrated range is for clarity. This has no influence in the Bayesian 
model applied to the final set of dates. The color corresponds with the conventional 
chronology as it is defined in the legend. The conventional chronological framework is 
shown on the right. It is clear that not all the data fit the traditional chronological 
framework proposed for North Italian regions, with dates from some sites showing large 
spread beyond the limits of the periods according to the conventional chronology (e.g. 
Santa Rosa di Poviglio). 
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Fig. 45 - Filtered 1σ calibrated radiocarbon dates for the Bronze Age and the beginning of the Iron Age in 
Northern Italy with the corresponding archaeological phases as reported in the references. Each colored 
line represents one date. 
 
The reasons for the rejection of dated samples are multiple. In some circumstances 
samples were collected during survey projects conducted for geo-archaeological 
campaigns. This is the case for the dates from the settlements of Castello del Tartaro, 
Fabbrica dei Soci, Perteghelle and three samples from Fondo Paviani, which were 
gathered during the Alto-Medio Polesine-Basso Veronese Project (Whitehouse 1993; 
1994; 1997). Likewise, the samples from prehistoric features like agricultural ditches 
(Stanghelle Est) and infrastructure (Strada Meridionale su Argine) were not taken into 
account. In other sites (Lazise-La Quercia, Molina di Ledro, etc.) the samples originate 
from vertical wooden features in the settlement, and therefore the association with 
material objects is hard to obtain. These dates can be useful for defining the phases of 
building of a lake-dwelling, but they are not appropriate for our analysis. Other dates, 
like those from the Arano necropolis were not associated with archaeological materials, 
as the grave did not have funerary assemblages. Hence, although they represented short-
lived samples we decided to reject them. 
Eventually, dates that represented more than one archaeological phase were removed 
from the filtered dataset. 
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Nevertheless, most of the samples were eliminated due to publications, in which the 
information about the context was poor or even absent. 
 
 
6.3.1.2 Southern France 
 
From an original dataset of 466 dates, after the sample prescreening, we obtained 96 
dates originating from 44 different sites (Fig. 46). 
  
 
 
 
 
Fig. 46 - Filtered 1σ calibrated radiocarbon dates for the Bronze Age and the beginning of Iron Age in 
Southern France with the corresponding archaeological phases as reported in the references. Each colored 
line represents one date. 
 
A large amount of dates were rejected in the filtering process because they derived from 
unpublished data, hence the information about the associated context was not available. 
Many such dates were included in the online database BANADORA 
(http://www.archeometrie.mom.fr/banadora/) developed by the CNRS, the Université 
 Claude Bernard - Lyon 1 and the 
Other dates were not associated with pottery or metallic typologies with guide
function or they were not of monophasic context, thus they were eliminated from the 
filtered dataset. As a general rule, the six criteria adopted for rejecting unreliable North 
Italian dates were valid also for Southern French archaeological contexts. The 
prescreening against the original dataset resulted in only few reliable dates derived from 
the six archaeological phases (
 
 
6.3.1.3 North-East of Iberian Peninsula
 
As a result of the sample prescreening, from an original dataset composed of 185 dates, 
124 measurements from 44 archaeological sites were retained for the analysis 
 
 
Fig. 47 - Filtered 1σ calibrated radiocarbon dates for the Bronze Age and the beginning of the Iron Age in 
the North-East of Iberian Peninsula with the corresponding archaeological phases as reported in the 
references. Each colored line represents one date.
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(Fig. 47).  
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Such dates were distributed in 4 conventional phases: BA, BM, BF and Hierro. We 
decided to include in the same phase BF the dates which were divided in the two 
subphases BFa and BFb, as reported in the Database of Catalan Radiocarbon Dates 
(http://www.telearchaeology.com/c14/). To reject dates we have adopted the same 
criteria used for North Italian and Southern French datasets. 
 
 
6.3.2 Modeling methods (modeling Bronze Age and Iron Age transition) 
 
The dates were analyzed according to the principles of statistical Bayesian analysis 
(Bayes 1763; Buck et al. 1996) using the software OxCal 4.2 (Bronk Ramsey 2009a), 
which calculates the posterior probability distributions of an existing sequence of dates. 
Thanks to the association between the samples and the good contexts it was possible to 
build sequences of radiocarbon dates ordered according to the archaeological phase they 
belong to. This kind of information, called a priori, forms the parameters which 
condition our data and for this reason such an approach represents the backbone of our 
research. 
This mathematical theory was introduced in order to define the probability of success 
for cases in which the observed data are provided with qualitative or semi-qualitative 
information about the relative relationships between the samples and the expected 
results (see chapter 4.6). 
With the aim of detecting the radiocarbon time span of an archaeological phase we have 
ordered the samples according to the different conventional phases. In each phase the 
samples were distributed in a chronologic order, from oldest to youngest. If the 
resolution of the context was good, it allowed us to analyze also the sub phases of an 
archaeological phase. We managed to get into particular detail in phases characterized 
by a long time-span, like the Middle Bronze Age in Northern Italy (phases Bronzo 
Medio 1, Bronzo Medio 2, Bronzo Medio 3) and the Late Bronze Age in Southern 
France (phases Bronze Final 1, Bronze Final 2, Bronze Final 3). 
The criteria for the analysis were adopted and followed as systematically as possible. 
We have only presented dates that have had their reliability checked previously, 
according to the rules already mentioned. We ran two models (contiguous and 
sequential) for the same data in order to check variations in the results. In the 
contiguous models the software calculates the transitions between each phase and 
168 
 
provides this information according to the 1σ and 2σ probabilities. Slightly different are 
the sequential models, in which each phase has two boundaries, one for the start and the 
other for the end. The effect of those boundaries is a constriction of the dates in two 
limits. This could lead to the creation of chronological gaps among phases, whose 
causes can be related to the distribution of the dates included in the dataset. A great 
advantage of this modeling is that it enables the reduction of uncertainty by narrowing 
down the largest ranges of dates, caused by the presence of the plateau in the calibration 
curve (Reimer et al. 2013), and rendering relatively precise dates to each archaeological 
layer dated. 
Wherever it was possible, two chronological models were run separately for each 
sample type, short-lived and long-lived. The results were then compared with each other 
in order to evaluate the possible differences in years caused by the “old-wood effect”. 
Regrettably, just one multilayered site (Montale in Northern Italy) provided more than 
one reliable date for contiguous phases. We decided to run a model with these dates and 
check the results with the general sequence. 
 
 
6.3.3 Definition, identification and removal of archaeological and analytical 
outliers from the sequences 
 
An additional importance of the modeling is the identification of the outliers. A date can 
be defined as outlier when the agreement index appears as less than 60%. In such cases 
the confidence interval of the date does not statistically fit into the phase from which it 
originates. The reasons for data being defined as outlier were specified before they were 
removed from the sequence (Bronk Ramsey 2009b). It was not just the agreement index 
that was considered, we also took into account the type of sample and the context. As a 
general rule bones and seeds were preferred over wood and charcoal. Samples that 
appeared as outliers in the model were given additional consideration and a careful 
analysis was conducted in order to ensure the possible reason for their “unfitting” date. 
Although the earliest sample of the earliest phase and the latest one of the sequence 
were frequently characterized by a low agreement index, we did not consider them 
automatically as outliers (Regev et al. 2012). 
After the identification, the outliers were removed one by one and the model was run 
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after each removal. The result can change after each removal, a date which was marked 
as an outlier in the previous model can increase the agreement index after the 
elimination of another date and hence be included in the model. 
Dates with an agreement index of 55-60% were left in the sequence. 
 
 
6.3.3.1 Northern Italy 
 
The available dates from Northern Italian contexts after the sample prescreening were 
distributed into five archaeological phases (BA, BM2, BM3, BR, BF). Regrettably no 
reliable dates were left after the preselecting of the dates for the beginning of the Iron 
Age (Fe phase). 
As the first phase of the Middle Bronze Age (Bronzo Medio 1) did not produce reliable 
dates we introduced it artificially into the OxCal 4.2 model using the Interval tool, 
which is used to calculate the time-span between two events in a sequence, without 
deciding a priori of a predetermined time duration for the missing phase. 
In order to visualize in a simple way the distribution of short-lived samples in the 
sequence, they were marked with an asterisk in the models. 
A contiguous model and a sequential one (Fig. 48 and 49) were run several times in 
order to create a reliable sequence. In both models, nine samples were characterized by 
a low agreement index and hence eliminated from the Bayesian analysis. 
From the phase Bronzo Medio 2 (BM2) five samples were removed. The first four 
samples are charcoal originating from the settlement of Santa Rosa di Poviglio in the 
Padan Plain (GX-16298; GX-16299; GX-15011; GX-14032). Although they came from 
a well-defined archaeological context they are slightly old for the archaeological phase 
they are supposed to belong to. As already noticed in the references (Cremaschi 2004), 
this can be due to an “old-wood effect” which could correspond to the intensive 
deforestation in evidence in the first phase of the Terramare settlement. 
The date Beta-48687 collected at Roc del Col is also too old for the BM2 phase; it could 
be attributed to an “old wood effect” as the dated sample is charcoal and was part of a of 
a 15mL sample sent to the laboratory, in which perhaps there were adult logs older than 
the dated context (Nisbet 2004).  
From the phase Bronzo Medio 3 (BM3) one sample (GrN-9274) from the dataset of the 
settlement of Monte Leoni was removed because it was too recent, as already observed 
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in the references. 
The rest of the outliers were from the Late Bronze Age: two samples from the Bronzo 
Recente (BR) phase and one for the Bronzo Finale (BF) phase. The first two are a 
charred seed from the Novà, Via Larga site (GrA-5216) coming from the US 10 which 
is too old, and a charcoal from the US 8 collected in the Fondo Paviani settlement 
(LTL-5285) which on the contrary is too recent. The last date to be removed is charcoal 
from layer 2 of the Castellaro di Uscio settlement (Gif-7214), which is also too recent. 
After the removal of analytical outliers 42 dates from 17 archaeological sites composed 
the contiguous and the sequential model. 
We also modeled the stratigraphic sequence of the Montale settlement (Fig. 50) which 
provided five reliable 14C dates: one for the BM2, two for the BM3 and another two for 
the BR. The results agree with the general sequence proposed for Northern Italy. 
 
 
Fig. 48 - Transition boundaries of the contiguous model for archaeological contexts located in Northern 
Italy (Amodel=122.4; Aoverall=123.5). 
 
  
Fig. 49 - Sequential model for archaeological contexts located in Northern Italy (A
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Aoverall=96.1). 
 
model=98.4; 
  
Fig. 50 - Contiguous model for the settlement of Montale located in Northern Italy (A
 
6.3.3.2 Southern France
 
Contiguous and sequential models (Fig. 
radiocarbon dates from archaeological sites in Southern France. 
The outliers were mainly distributed in the last phases of Late Bronze Age (
and BF3). One date from charred seeds gathered at the settlement area of Llo 
is too old for the Bronze Final 1
1983). It highlights the need to check the reliability among also short
The sample (ARC-1618), which was
the Bronze Final 2 phase. It is the oldest date in the dataset of this site, which is made 
up by four other dates which fit correctly into the Bayesian model.
Nine dates obtained from charcoal samples were eliminated from the 
phase. Two samples collected in the village of Carsac (MC
removed for being too old for the archaeological contexts they belong to. One date from 
the layer C2d of the Grotte de la Garenne site (Ly
due to problems of contamination from the lower levels, in which materials 
typologically dated to the 
(2011) inserts the date (Ly-
It highlights the existence of disagreements in the chrono
description of human artifacts. The sample collected from the settlement of Le Touar 
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Aoverall=126.2). 
 
51 and 52) were also created with the 
 
 phase, as already noticed by the author (Campmajo 
 collected in the Laprade settlement, is t
 
-2287; MC
-7184) is too old. Perhaps, it can be 
BF2 was found (Carozza 1994). Furthermore, Lachenal 
7185) from the upper occupation layer C2c in the BF2 phase. 
-typological chronological 
 
model=126.1; 
BF1, BF2 
(Gif-3744) 
-lived samples. 
oo old for 
Bronze Final 3 
-2285) were 
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(Ly-4542) is too old for the BF3 phase maybe due to an old wood effect. Three dates 
(Ly-4743; Ly-5097; Ly-4686) from the site of Saint Alban seem to be slightly too old; in 
this case we cannot exclude a higher beginning of the BF3 phase in the area of the site, 
in particular taking into account the marginal northern position of the settlement, 
located close to the Jura Mountains. Eventually, two dates were removed because too 
recent. The first one was collected at the site of La Roumanine (Ly-8244) and the 
second one originates from the necropolis of Camp d’Alba (Ly-7433). 
As a result of this second selection with the removal of analytical outliers 85 dates from 
41 archaeological sites composed the contiguous and the sequential model. 
 
Fig. 51 - Transition boundaries of the contiguous model for archaeological contexts located in Southern 
France (Amodel=145.7; Aoverall=135.9). 
 
 Fig. 52 - Sequential model for archaeological contexts located in Southern France (A
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Aoverall=102.1). 
 
model=128.1; 
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6.3.3.3 North-East of Iberian Peninsula 
 
We did not manage to create reliable sequences with OxCal program using the 124 
radiocarbon dates from archeological contexts located in the North-East of Iberian 
Peninsula. Therefore, it was impossible to create a contiguous and a sequential model 
using such a filtered dataset. In fact, dates overlap in many places and we could not 
detect a clear distinction between the different phases of the traditional chronological 
scheme. Furthermore, frequently large standard deviations are responsible of those 
phenomena of overlapping. 
The absence of result is mainly due to the uncertainty in determining a reliable and solid 
traditional chronological framework for the North-East of Iberian Peninsula, as reported 
in the chapter 2.5. As a consequence, still nowadays, a univocal type-chronological 
seriation of the material culture is lacking among the scholars. 
In the light of such a situation, the discussion of the results will be limited to the North 
Italian and the Southern French sequences. 
 
 
 
6.4 Discussion 
 
Through the Bayesian modeling with OxCal 4.2 (Bronk Ramsey 2009a) we produced 
two new chronological models for the Bronze Age in Northern Italy and Southern 
France (Fig. 53). During the process of prescreening of collected samples according to 
their chronological value, a large amount of dates were rejected, prior to start Bayesian 
modeling. Problems related to the sampling strategies still remain. In many cases the 
results of radiocarbon dating are used as a substitute for the chrono-typological analysis 
of human artifacts and when diagnostic pottery or metallic typologies are missing. 
Consequently, association between the two variables was frequently lacking and the 
selected dates were fewer than expected. Therefore, we decided to include in the models 
dates characterized by a large standard deviation (±100 years), although we are aware 
that it would be preferable to use dates with a shorter duration when available. 
Another problem is the absence of 14C dated multilayered sites. Separately modeling 
dates from contiguous layers in the stratigraphy of individual sites could have yielded 
different models for each site. Combining such information would have allowed us to 
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detect a possible degree of overlap between cultural horizons and the existence of 
regional variations. However, sufficient research is currently lacking to test this theory. 
When a sequence of phases is run the model manages to narrow the dates of the phase 
between the Start Boundary and the End Boundary. Such a process implies a possible 
creation of temporal gaps among archaeological phases. Analyzing the results of the 
sequential models, few discontinuities in times were detected in the models for Northern 
Italy and Southern France for the 1σ confidence intervals. We did not take into account, 
in any of the models, the values represented by the beginning of the first phase, which is 
the Start Boundary of the Early Bronze Age, or the end of the last phase represented by 
the End Boundaries of phases Bronzo Finale and Fer. 
 
 
 
Fig. 53 - Results of the Bayesian modeling for Northern Italy and Southern France. Only the analyzed sub 
phases have been represented. The conventional chronology is shown above the x-axis. The 14C scheme is 
a simplification of the results obtained through a sequentially phased Bayesian modeling: for the 
boundaries of each phase we chose the first value of the “Start Boundary” and the last value of the “End 
Boundary” for the 1σ probability (dark grey blocks) and for the 2σ probability (light grey blocks). 
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6.4.1 Northern Italy 
 
Taking into account the limited numbers of 14C dates for this period and the size of the 
region it must be stressed that these results points the need for further research and the 
necessity of an increase in the amount of dates from good archaeological contexts. 
The results of the modeling must be considered as a first step toward a radiocarbon 
dated chronology for the Bronze Age in Northern Italy. The adoption of good sampling 
strategy for the future years can fill the lacks and improve the strength of the models. 
Although we do not observe a relevant difference, more than 100 years, between the 
radiocarbon chronology and the conventional one it should be noted that both in the 
sequential model and in the contiguous model all the analyzed phases start and end 
before traditional dates proposed for these regions. It implies that the new radiocarbon 
chronology for the Bronze Age in Northern Italy is slightly higher than the conventional 
one. Regrettably, the number of short-lived samples is few; moreover they refer to the 
first three phases leaving a lack in the last two ones. As a consequence, we could not run 
a separate model for seed and bone samples. In any case the distribution of such 
samples in the phases does not suggest a problem related to an “old-wood effect” in the 
first three phases. The results obtained from statistical modeling of those samples 
collected from the Montale settlement are perfectly in agreement with the general 
radiocarbon chronological framework. 
A debated topic, as already mentioned, is the beginning of the Iron Age in Northern 
Italy. Regrettably there are still only a few dates for this period and no reliable dates 
were selected for analysis. Moreover, problems related to the typological description of 
material culture must be underlined. In particular, there are still difficulties in the 
distinction of artifacts typologically dated the 10th c. BC from those of the 9th c. BC 
(Giovanni Leonardi, personal communication). 
 According to our models the end of the LBA (BF) is placed in the contiguous model in 
the interval 1110-998 BC for the 1σ probability and 1187-926 for the 2σ. It is dated 
between 1119 and 1021 BC for the 1σ probability and 1189-977 BC for the 2σ in the 
sequential model. Lamentably, these results cannot provide a compelling answer for the 
beginning of Iron Age in Northern Italy, since only one dated archaeological site for the 
BF phase is included and no Iron Age dates were inserted in the analysis in order to 
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bracket the transition from the other side. 
Concerning the discontinuity observed in the sequential model the main temporal gap is 
located between the phases BA and BM2. Its duration is ≈120 years taking into account 
the 1σ values of the more recent dates for the End Boundary of the Early Bronze Age 
and the beginning of the Start Boundary for the Bronzo Medio 2 phase. This 
discontinuity is caused in part by the absence of a BM1 phase. If we take into account 
the 2σ confidence intervals the gap disappears. 
 
 
6.4.2 Southern France 
 
In Southern France, the results obtained by the Bayesian modeling are in close 
agreement with the traditional dates proposed for the transitions among Bronze Age 
phases. There is remarkably solid agreement on the beginning of the BF1, BF2 and BF3 
phases between the traditional and the radiocarbon chronologies. This demonstrates the 
reliability of filtered dates. 
The distribution of short-lived samples in the sequence is quite homogenous among the 
different phases. As a result of this we could run a sequential model with bone and seed 
samples in order to test if a significant variation could be appreciated. The result 
showed that no differences can be detected; hence we can discard an “old-wood effect” 
in the analyzed data. 
The most significant changes relate to the beginning of the Middle Bronze Age (BM) 
and the Iron Age transition. The BM phase seems to start ≈150 years before the date 
adopted in the conventional chronology. Also the transition to the Iron Age appears 
slightly higher in the 14C model. In the contiguous model the transition between BF3 
and Fer is located in the interval 874-820 BC for the 1σ probability and 904-806 BC for 
the 2σ. These values are confirmed in the sequential model, in which the beginning of 
the Iron Age is dated within the interval 862-809 BC for the 1σ probability and between 
902 and 798 BC for the 2σ probability. In any case, we have to highlight the problems 
of calibrating for the “Hallstatt plateau” whose beginning corresponds to the traditional 
date proposed for the start of Iron Age in Southern France, 775-750 BC (Janin 1992; 
Brun et al. 2009; Lachenal 2011). Moreover, only long-lived samples from two sites, Le 
Touar and Pré de la Cour, were selected for the Fer phase. In the future new dates from 
good archaeological contexts could improve the situation and reduce the uncertainty. 
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As was the case with the North Italian model, time gaps were detected in the sequential 
model of the radiocarbon chronology of Southern France for the 1σ confidence 
intervals. Such discontinuities are located between the three phases of Late Bronze Age 
BF1, BF2 and BF3. These gaps disappear if we consider the 2σ values of the probability 
distributions. 
  
180 
 
  
181 
 
7 FROM THE ALPS TO THE MEDITERRANEAN: A 
STATISTICAL ANALYSIS OF TEMPORAL 
CONTINUITIES AND DISCONTINUITIES 
 
 
7.1 The study of population trends in the Bronze Age and in the Iron 
Age transition 
 
Population trends of increase and decrease in the number of people represents a 
common denominator in prehistoric researches. 
The possibility of detecting pattern and cycles for the 2nd and the beginning of the 1st 
millennia BC are a fundamental point in the works of Kristiansen (1998b). 
The existence of cycles is a constant in long term processes. For the Nordic Bronze Age 
Kristiansen (1987; 1991; 1998b) detected regularities between burial and hoard 
deposition, based on comparative historical sequences from Denmark (Fig. 54). A peak 
in the amount of barrows and burial wealth has been detected by the author for the late 
Bronze Age, around 1200 BC. On the contrary, such event corresponds to a decrease in 
the number of hoards in the same regions. Axe and weapons appear in the previous 
period characterized by the logistic increase of burials.  
 
 
Fig. 54 – Ritual variation through time: patterns of investment in wealth deposition and monument 
construction during the Nordic Bronze Age (Source: Kristiansen 1998b). 
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The detection of cyclical regularities in the relationships between different modes of 
deposition in time and space was not only bounded to Nordic contexts. 
A shift in the deposition of bronze hoards from east Central Europe (HaA2-B1) to 
Western Europe (HaB2-3) during the LBA (Furmanek & Horst 1982), in both areas the 
hoarding of personal prestige goods, weapons and ornament was preceded by a period 
of chiefly warrior burial (Wegner 1976; Bradley 1990). It is meaningful to highlight that 
Kristiansen (1998b) suggested that the Urnfield period was one on the most densely 
populated phase in the Prehistory. In the light of settlement size and the number of 
funerary contexts he detected a relevant enhance of population size in a large part of 
Europe, mainly in the period 1100/1000 BC. For instance, in Poland the number of 
necropolis of the Lausitz culture increase remarkably from the second period of 
Montelius (Stepniak 1986), at the end of the same period settlements located in the 
Swiss region around the main lake basins show a high density of population (Primas 
1990). If the LBA is characterized by such a demographic growth the previous phase of 
the Late Early Bronze Age-beginning of the Middle Bronze Age shows a different trend 
with a low settlement density (Fig. 55). Such phenomena of increase and decrease in the 
number of settlement and as a consequence also of people have been traditionally 
correlated with climatic conditions (see chapter 3.6). 
 
Fig. 55 – Correlation of settlement density number of cave settlements, soil development and supposed 
climatic change in Central Europe (Source: Kristiansen 1998b). 
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To strengthen Kristiansen’s hypothesis, for the Bronze Age Zimmerman (2009, 2012) 
argued population densities in Central Europe between 0.6 and 1.8 persons per 100 km2. 
The results were produced using geostatistical methods based on density of sites in the 
landscape (Zimmerman 2009). Adopting the idea of cycles, the author stressed the 
existence of cultural regularities from the Paleolithic onwards (Fig. 56). In his model the 
Urnfield culture would correspond to a moment with a high size of cooperating groups. 
Such a high degree of cooperation was probably promoted by an increase of population. 
 
 
Fig. 56 - Cultural cycles from the Neolithic to the Iron Age in relation to the size of deliberately 
cooperating groups. The peak UK corresponds to the Urnfield culture (Source: Zimmermann 2012). 
 
 
Eventually, for the time-span 2000-0 BC Kristiansen (1998b) stressed the presence of 
cycles regarding the funerary rite with the of chiefly burials and communal burials with 
a general trend of movement from east to west starting, in which a specific migration 
from west to east was argued for the period of Tumulus Culture (Fig. 57). Such cycle 
can be recognized also in other features like the settlement patterns and subsistence 
strategies. 
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Fig. 57 – Schematic outline of the dominant trends in settlement, subsistence and burial ritual 
from 2000-0 BC in Central Europe Age (Source: Kristiansen 1998b). 
 
In addition to Kristiansen’s studies, the presence of cycles and a boom-and-bust pattern 
in the density of population have been recognized by other authors also for other 
periods. For instance, for the Neolithic period following the introduction of the 
agriculture, a series of demographic increases and decreases have been recently detected 
in various European regions by Shennan et al. (2013). 
 
 
7.2 Temporal continuities and discontinuities in the EUBAR database 
 
The methods for inferring past population structure, demographic variations and 
transitions, and population extinctions are various (Chamberlain 2009). Quantifying 
temporal continuities and discontinuities from archaeological data is an interdisciplinary 
endeavor that should incorporate findings from paleodemography, anthropology, 
paleogenetics, and human ecology (Housley et al. 1997; Gkiasta et al. 2003; Fort et al. 
2004; Gamble et al. 2005; Mellars 2006; Shennan & Edinborough 2007; Hamilton & 
Buchanan 2007; Collard et al. 2010; Hinz et al. 2012; Shennan 2013). Several 
techniques have been used as a proxy for estimating the probable size of a human 
population based on archaeological data. Among them, we can mention the study of 
settlements’ size, of house dimensions and site catchment areas, as well as the 
measurement of the rates of exploitation, consumption, and discard of raw materials and 
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artifacts (Roper 1979; Schact 1981; Kolb 1985; Gallivan 2002). In this framework the 
“discard equation” or “Cook’s law”9 (published for the first time in Schiffer 1975, p. 
840) is traditionally used to correlate the amount of discarded materials as a function of 
the duration of a site occupation, the size of the group who inhabited it and the rate at 
which materials were discarded. Also the analysis of funerary contexts and human 
skeletons has been used for estimating past population size. In fact, it is possible to infer 
age-specific mortality from assemblages of human skeletons remains (Katzenberg & 
Saunders 2008). 
Moreover, in archaeology changes in the relative temporal frequency of dates or dated 
components are commonly interpreted to reflect changes in human demography based 
on the simple and reasonable assumption that as the number of people increases, so does 
the strength of their archaeological signal.  
In our analysis we have decided to use the Summed Calibrated Probability Distribution 
(SCPD) of radiocarbon dates, which constitute the most widespread methodology for 
inferring population changes (Turney et al. 2006; Ortman et al. 2007; Shennan & 
Edinborough 2007; Buchanan et al. 2008; Smith & Ross 2008; González-Sampériz et 
al. 2009; Oinonen et al. 2010; Peros et al. 2010; Tallavaara et al. 2010; Johnson & 
Brook 2011; Pesonen et al. 2011; Armit et al. 2013; Martínez et al. 2013; Miller & 
Gingerich 2013; Crombé & Robinson 2014). For a review of such a methodology see 
chapter 4.3.2. 
From the EUBAR database we have made a selection of radiocarbon dated 
archaeological contexts. First, we have refused 14C dates from mines, like the large 
amount of dates (34) originating from the well known Halstatt mines, which could skew 
the final result of the Summed Probability Function. Then, in order to reduce the 
uncertainty, we have selected only radiocarbon measurements with a standard deviation 
less than 100 years. Eventually, 1443 dates were retained for the analysis. 
Although not all archaeological events are similar, we assume that the original 
depositional events are comparable in that (Barceló, Capuzzo, Bogdanović 2013): 
• Dated events correspond to random accumulations around social locations 
(residential, productive, and ritual) 
                                                 
9
 P = Q!/R  where  is the total number of artifacts discarded, S is the number of 
artifacts normally in use,  is the total period of use of the artifact type (expressed in 
units of time, such as months or years) and  L is the uselife of the artifact (expressed in 
the same units of time as ). 
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• The nature of the accumulation was approximately the same, 
Then, 
• The amount of dated archaeological events for a single social event depends on 
the number of people generating the accumulation, the time during which the 
actions generated material effects observable archaeologically, and the social 
way of disposing garbage (Varien & Mills 1997, p. 143). 
Consequently, 
• Although we are not aware of the precise rate at which each material effect was 
socially produced at a specific moment, we assume the rates for the different 
kinds of material effects whose archaeological contexts have been dated are 
within a short variance, 
• The probability that a social event happened in a short interval was proportional 
to the spatial extension or temporal duration of that event, 
• The probability that a social event occurring in a short interval was independent 
of the events that occurred outside that interval, and 
• The probability of more than one event in a sufficiently small interval is 
negligible. 
 
In such conditions, we have generated different SPCDs for the 1443 14C measurements 
referring to 541 archaeological sites dated to the Bronze Age (Early, Middle and Late 
phases) and to the beginning of the Iron Age between the Ebro and the Danube rivers. 
As the analyzed period (1800-800BC) is much shorter than the time-spans usually 
adopted in SCPDs available in literature (Gamble et al. 2005; Turney et al. 2006; 
Ortman et al. 2007; Shennan & Edinborough 2007; Buchanan et al. 2008; Smith & Ross 
2008; González-Sampériz et al. 2009; Oinonen et al. 2010; Peros et al. 2010; Steele 
2010; Tallavaara et al. 2010; Johnson & Brook 2011; Pesonen et al. 2011; Williams 
2012; Armit et al. 2013; Martínez et al. 2013; Miller & Gingerich 2013, among others), 
we have decided not to apply the correction for the postdepositional bias, which is 
suggested in Shennan and Edinborough (2007). In fact, we do not consider the existence 
of significant variations that could explain its adoption, in the intensity of post-
depositional processes during the 2nd and the beginning of the 1st millennium BC on a 
large-scale in South-Western Europe. 
 Before a deeper filtration of the available information we have run a SCPD (Fig. 
with such a dataset using the IntC
OxCal 4.2 software (Bronk Ramsey 
radiocarbon dates from a large variety of archaeological contexts from Western Europe 
Bronze Age in terms of the absence of populat
BC at a global scale, with peaks of higher frequency of human activities at 1500 BC and 
800 BC (Fig. 58). 
 
Fig. 58 – SCPD of 1443 radiocarbon dates included in the EUBAR database. IntCal13 calibration curve 
(Software: OxCal 4.2). Only a preliminary filtration has been applied to the dataset.
 
 
 
As in this graph a source of uncertainty can be recognized in the presence of some 
“overdated context”, we have decided to adopt a further sample prescreening. 
Therefore, when the information was available, we have combined dates from the same 
archaeological context, i.e. the same depositional event, using the toll “R_Combine” of 
the program OxCal 4.2, which function is to provide a pooled mean combining 
radiocarbon dates prior to the calibration (Bronk Ramsey 2009a). In this way, when we 
sum the results of combined contexts we obtain a more reliable SCPD, in which the 
representativeness of archaeological context is not altered. In fact, in the new SCPD 
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al13 calibration curve (Reimer et al. 2013) and the 
2009a). We can explain the SCPD of 1443 
ion growth during the period 1800
X) 
–800 
 
 
 graph (Fig. 59) each archaeological layer, as well as each grave, is represented by only 
one 14C estimate. Obviously in this new distribution the number of analyzed dates will 
be lower than in the previous one, but the degree of quality in the representativeness of 
such data will be higher. The shape of the obtained SCPD is comparable with the 
previous one with peaks of 
and 800 BC. 
Fig. 59 – SCPD of 1197 radiocarbon dates included in the EUBAR database. IntCal13 calibration curve 
(Software: OxCal 4.2). We have filtered “overdated contexts” us
A problem relating to such an analysis is the presence and the sum of both funerary 
contexts and other contexts represented by settlements, ritual areas, productive districts 
and infrastructures. In order to avoid this noise we have decided to filter deeper our 
data, analyzing separately the two categories. Therefore, new SCPDs have been 
produced applying such a prescreening (Fig
dates originating from settlements, although it is characterized by a slight positive trend 
the flat shape does not suggest 
the time-span 1800-800 BC (
shows a different temporal distribution compared to the settlement’s one. In the SCPD 
including burials, both inhumation and cremation
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supposed higher frequency of human activities at 1500 BC 
ing the function “R_Combine”
of OxCal 4.2 (Bronk Ramsey 2009a). 
 
 
. 60 and 61). In the graph obtained using 
major episodes of demographic increase or decrease in 
Fig. 60). Nevertheless, for the funerary context our data 
, two different patterns distinguished 
 
 
 by a clear episode of discontinuity have
BC the flat shape suggests a constant number of dated contexts, the number of funerary 
contexts decreases sensibly between 1420 and 1360 BC. After this discontinuity, the 
produced SCPD shows a positive trend with an incre
an increase is more pronounced in the last phases of the time
highlight that the analysis of funerary contexts should not be interpreted as prove of 
demographic increase or decrease, but as an i
the Bronze Age and the beginning of Iron Age communities. We will tackle in the 
details this issue in the following chapter.
 
Fig. 60 – SCPD of 831 radiocarbon dates from 
settlements included in the EUBAR database. 
IntCal13 calibration curve (Software: OxCal 4.2). We 
have filtered “overdated contexts” using the function 
“R_Combine” of OxCal 4.2 (Bronk Ramsey 2009a).
 
 
Eventually, we have simulated a set of radiocarbon dates with no chronol
variation to test a null hypothesis of no relationship between the observed SCPD and the 
effects of that particular section of the calibration curve (
of random numbers we have produced 1197 
whose distribution does not correspond to a normal one. For the standard deviation we 
have adopted the media of the standard deviations of 
produced a SCPD graph with the OxCal 4.2 pr
Peaks in the observed distribution exactly coincide with irregularities in the calibration 
curve around 1500 and 800 BC (Fig
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 been detected (Fig. 61). Before around 1400 
ase in the number of contexts; such 
-span. It is meaningful to 
nference for the adoption of burials among 
 
 
 
Fig. 61 – SCPD of 268 radiocarbon dates from 
funerary contexts included in the EUBAR database. 
IntCal13 calibration curve (Software: OxCal 4.2). We 
have filtered “overdated contexts” using the function 
“R_Combine” of OxCal 4.2 (Bronk Ramsey 2009a).
 
Fig. 62). Through a generator 
14C dates for the time-span 3550
the original dataset. Then we have 
ogram (Bronk Ramsey 2009a).
. 63). 
 
 
ogical 
-2550 BP 
 
 Fig. 62 - SCPD of 1197 simulated radiocarbon dates under the assumption of population uniformity: same 
number of dated archaeological contexts at each temporal bin. IntCal13 calibration curve
This result should be interpreted in terms of the inf
(IntCal13) on the kinds of inferences we can draw from temporal patterns in the 
observed frequency of dated archaeological contexts between 1800 and 800 cal BC 
from Danube to the Ebro valleys. Irregularities in the calibration 
peaks and the troughs in their curve as well as, or perhaps better than, demographic 
patterns can (Bamforth & Grund 2012; Chiverrell et al. 2011; Bleicher 2013; Barceló et 
al. 2013). 
The risk that the shape of the SCPD be determined 
suggested in the last years (Bamforth & Grund 2012; Chiverell et al. 2011; Williams 
2012; Bleicher 2013). The calibration curve was constructed by measuring the 
content of samples of known age. In times of high solar activity the slope of the 
calibration curve is steep, and conversely. So, as Bleicher (2013) correctly argued, the 
probability density function of any calibrated radiocarbon date is defined by three
variables: first there is the true calendar age that, together with the error, gives the 
measured radiocarbon age pertaining to that calendar age. Then there is the uncertainty 
of the measurement that defines the range. Up to this point the posterior dens
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(Software: OxCal 4.2). 
 
 
luence the calibration curve 
curve explain both the 
by the calibration curve as has been 
 
 
14C 
 
ity 
 function (pdf) has a Gaussian shape. This Gaussian pdf is then transformed using the 
calibration curve into something non
of the amount of 14C in the atmosphere, which is to say that it is defined by so
activity. One effect is that the radiocarbon clock is quicker in times of high solar activity 
and slower in times of low activity. Consequently a higher activity normally results in a 
narrower calibrated range. Even within the range of a radiocarbon da
density is defined by the shape of the calibration curve. It might therefore be 
hypothesized that any SCPD of radiocarbon data will necessarily show similarities with 
the shape of the calibration curve (Bleicher 2013).
 
Fig. 63 – IntCal13 calibration curve. We can recognize two major irregularities, shown by two calendar 
age steps in the time-spans 1500
 
In the light of the obtained SCPDs,
population growth, nor for the last phases of the Early Bronze Age, neither for the LBA 
and the so called “Urnfield period”. The
part of Europe, mainly in the
analysis of the territory from the Ebro to the Danube River in its completeness.
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-Gaussian, the shape of which is a direct function 
te the probability 
 
-1380 BC and 860-700 BC. The effects of calendar age steps on SCPD 
are addressed in chapter 4.3.2. 
 
 on a macro scale we cannot in clearly episodes of 
 relevant enhance of population size in a large 
 period 1100/1000 BC cannot be distinguished in the 
lar 
 
 
 The time-span 1800-800 BC on a macro scale is characterized by a linear trend in the 
demographic intensity, with the absenc
 
After having admitted the population stationarity during the Bronze Age and the Iron 
Age transition on a macro scale, it is important also to further analyze the estimates of 
population density at a more local
However, the reduced number of dated contexts (when dividing the dataset) prevents us 
deeper insights in this direction; we have chosen the regional area which produced the 
major number of radiocarbon dates. Therefore, w
areas characterized by an internal homogeneity: the Swiss Plateau, the Padan Plain in 
Northern Italy, Southern French coast and the Massif Central. The obtained results must 
be considered only as preliminary and they 
demographic changes, but they need to be validated using other proxies. They could be 
useful to describe the space
contexts. Like in the previous SCPDs als
contexts with a standard deviation grater that 100 years and we have combined multi
dated depositional events. The graphs show different patterns in different geographic 
regions (Fig. 64 and 65). 
 
Fig. 64 – Archaeological sites included in the regional SCPDs. The Swiss Plateau (A), the Padan Plain 
(B), the Massif Central (C) and the French Mediterranean coast (D).
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ized regional scale (Shennan 2013). 
e have analyzed 4 different geographic 
could not be used directly as an evidence for 
-time distributions of radiocarbon dated archaeological 
o in the following ones we have refused 
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 Fig. 65 – SCPDs of radiocarbon dates originating from the Swiss Plateau (A), the Padan Pla
the Massif Central (C) and the French Mediterranean coast (D).
IntCal13 calibration curve (Software: OxCal 4.2).
The SCPD of 208 isotopic events gathered in the Swiss Plateau shows a quite flat shape 
with peak in the Middle Bronze Age, around 1500
highlight that the main phenomenon of abandonment evidenced in such a region is the 
end of the lake-dwelling system, which has been associated to episodes of climatic 
deterioration: the 14C deviations in the atmosphere evidenced a positive correlation with 
the frequency of lake-side settlements in such a region (Magny et al. 2005; 
Marguet 2007; Magny et al. 2007
event has been placed around 1520 BC (Menotti 2001).
the decrease in the number of 
1400 BC could be interpreted as a consequence of this phenomenon.
We also analyzed radiocarbon dates from
Italy (Fig. 64-65 B). The SCPD of 109 
the Po Valley shows a remarkable decrease in the number of dated contexts during the 
Late Bronze Age. The decrease begins aro
beginning of the Iron Age. 
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 BC (Fig. 64-65 A). It is relevant to 
; Magny & Peyron 2008; Marguet et al. 2008). This 
 In the light of such assumptions 
14C dated archaeological contexts in the period around 
 
 sites located in the Padan Plain in Northern 
14C dates from 40 archaeological sites located 
und 1400 BC and follows constantly till the 
It is meaningful to remember that at 3100 BP (1415/1311 
 
in (B), 
Billaud & 
2σ 
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cal. BC) a decline of agricultural activities has been observed in the Po Valley 
(Valsecchi et al. 2006). 
Such negative trend from Late Middle Bronze Age is confirmed by the archaeological 
evidences that highlight a phenomenon of abandonment whose early phases can be 
dated to the end of the 13th c. BC. One or more episodes of crisis lead to the end the 
“Terramare’ system”, which represented the main settlement network during the 
Middle Bronze Age in such an area. In the territories south of the Po River the 
archaeological record shows a lack in the demographic presence which continues till the 
beginning of the Iron Age (Bernabò Brea et al. 1997; Cremaschi et al. 2006; Mercuri et 
al. 2006, 2012; Cattani 2009; Cupitò et al. 2012). 
For Southern France two SCPDs have been produced. The first one includes 
radiocarbon dated archaeological contexts located in the interior area of the Massif 
Central (Fig. 64-65 C). It is an elevated region consisting of mountains and plateau. The 
second one gathers sites located in a buffer zone of 40 km from the Mediterranean coast 
line. 
It is relevant to note that the shape of the two graphs presents significant differences. 
The 57 dates from 33 archaeological sites of the internal region do not show relevant 
discontinuities in the amount of dated samples for the time-span 1800-800 BC. On the 
contrary, for the 67 dates from 18 archaeological sites located along the French coast 
the shape of the graph is significant different, with an increase of dated contexts from 
the last phase of Bronze Age (Fig. 64-65 D). In such a region the major phenomenon in 
the LBA is the expansion of the Mailhacien culture during the Bronze Final 3b phase, 
whose beginning is placed  around 900 BC (Janin 2000; Giraud et al. 2003; Janin 2009). 
In our SCPD the increase is placed in the Bronze Final 2 phase, therefore it does not 
seem to be correlated to the diffusion of Mailhacien culture on a wide area. 
Regrettably, the low number of dates used for such an analysis does not allow 
considering them as an evidence of demographic growth. Therefore, with the available 
data we cannot address any hypothesis regarding a possible increase of population 
during the LBA in the Southern France Mediterranean facade. 
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7.2 Theoretical and Methodological remarks 
 
If we assume that archaeological sites are formed in numbers that are exactly 
proportional to the size of population then, in the absence of any taphonomic alterations, 
the observed frequency of archaeological deposits or site nt from each time interval t 
would provide an accurate proxy of relative population sizes at those times. This is the 
general reasoning behind standard archaeological interpretations of deposit or site 
frequency distributions. 
In any case, to ensure the reliability of this kind of analysis we have adopted 
circumstance a sample prescreening. In fact, after the revision of the available literature 
we have developed some criteria in order to obtain a reliable result. First, it is relevant 
to check the representativeness of the dates; it means that the probability of having a 
dated sample related to a concrete period should correspond to the number of occupied 
sites in that period. Hence, if some sites or geographic areas have been less excavated 
and dated, then we cannot obtain a completely trustable picture of the archaeological 
reality (Shennan & Edinborough 2007). 
Although radiocarbon dating should be a random action, in many cases archaeologists 
tended to “overdate” some particular archaeological site; we can refer for instance to the 
multilayered settlements. Therefore, large numbers of dates from individual sites might 
skew the overall dataset (Armit et al. 2013). An example is the discarted huge amount of 
radiocarbon dates from the salt mining context of Hallstatt in Austria during the Bronze 
Age. For this reason it is important to know the provenience of the dated samples as no 
individual sites should overly dominate the total amount of radiocarbon dates. In order 
to avoid the problem of having multiple dates from a given site-phase some authors 
(Shennan & Edinborough 2007; Miller & Gingerich 2013) suggest to use the 
“R_Combine” function from OxCal (Bronk Ramsey 2009a), which combines 14C dates 
prior to calibration and provide as a result a pooled mean date for the site-phase. This 
rule has been correctly applied in multidated contexts included in previous SCPDs 
including the EUBAR dataset. 
Another problem is the overrepresentation of some particular chronological period in 
the dataset. In some occasions archaeologists tended to date with a higher frequency 
sites from a well defined period. A paradigmatic example is the dataset of Neolithic 
houses in Ireland, where for a quite short chronological period characterized by visible 
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monumental structures a large number of 14C dates has been produced (Armit et al. 
2013; McSparron 2013). This source of bias has not been detected for our data. 
The third problem relates to the spatial distributions of data. The radiocarbon dates have 
a direct relation with the locations where the archeological excavations are carried on. 
Often, such places are not chosen randomly but they depend on the presence of already 
known archaeological site on the territory. Moreover, they are in particular conditioned 
by commercial and infrastructures projects. As a consequence, some regions can be 
characterized by a large number of radiocarbon dates whilst in others there is a lack in 
the archaeological knowledge. An example can be traced in Catalonia, where the 
metropolitan region of Barcelona is characterized by a large amount of dates for the 
Bronze Age; on the contrary, the Pyrenean region represents almost a missing area 
regarding human evidences during the Protohistory. 
Another factor, which is responsible for an introduction of uncertainty, is represented by 
the post-depositional effects. In particular natural and geomorphologic processes could 
have modified the source of information, destroying part of the archaeological record 
and hence conditioning the representativeness of the available data. Concerning regional 
analysis it is relevant to take into account the existence of such phenomena and their 
intensity, which could be different from an area to another. With regard to this a 
difference among the human presence between inland and coastal sites of Patagonia 
(Argentina) during the latter six millennia was observed starting from the analysis of the 
radiocarbon record. The absence of evidences higher than 3500 BP, documented by 14C 
dates in the inland area, was explained by a taphonomic bias caused by destruction or a 
massive burial of archaeological sites located in such a region (Martínez et al. 2013). 
Over long timescales a distinctive hallmark of many radiocarbon frequency 
distributions is the presence of a positive, long-term curvilinear trend (e.g., Kuzmin & 
Keates 2005; Bryson et al. 2006; Peros et al. 2010). 
Surovell and Brantingham (2007) have pointed out that a monotonic increase in the 
frequency of dates through time can be generated by a systematic taphonomic bias if (as 
may often be the case) the probability of archaeological site survival is negatively 
correlated with the age of the site (Fig. 66). This means that in the archaeological record 
“recent things overwhelmingly outnumber older things and the form of the function 
relating abundance is nonlinear” (Surovell & Brantingham 2007, p. 1868). Such 
explanation can be the main cause of the presence of the positive long-term curvilinear 
trend. According to Surovell et al. (2009) a possible measurement and then correction of 
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this kind of bias could be obtained by comparing the age-distributions of dates on 
archaeological sites with those of dates on relevant geological contexts. 
 
Fig. 66 – Effect of the postdepositional processes on the archaeological evidences 
(Source: Surrovell & Brantingham 2007). 
 
The relationships between the SCPD and the effects of calibration have been already 
suggested (chapter 4.3.2). Various strategies have been employed in attempts to correct 
or to account for such a bias (Johnstone et al. 2006; Chiverell et al. 2011; Shennan et al. 
2013). We tested the significance of fluctuations and autocorrelation in SCPDs by using 
computer simulation of 14C dates generated under a null model of exponential increase 
in the SCPD through time as a result of population increase. 
We could perhaps avoid these kinds of problems by analyzing radiocarbon datasets at 
fairly coarse chronological scales, examining patterns over intervals of time that are 
longer than the irregularities in the calibration curve, intervals like the 500 year blocks 
of time in Surovell et al. (2009) work. However, this effectively eliminates the 
possibility of seeing the kind of abrupt change. 
Finally, a good way of proving the validity of the obtained results is to test them against 
a range of other proxies for human occupation, like for instance the knowledge 
produced by the analysis of the visible archaeological record as we have done in the 
regional analyses. As an example, the proxy data on population numbers provided by 
radiocarbon dating can be combined with estimates of fertility and migration in the 
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construction of colonization models. There are many applications of those models 
(Housley et al. 1997; Gkiasta et al. 2003; Fort et al. 2004; Gamble et al. 2005; Mellars 
2006; Shennan & Edinborough 2007; Hamilton & Buchanan 2007; Collard et al. 2010; 
Hinz et al. 2012; Shennan 2013). 
As a consequence, extreme caution must be used in filtering our data and in interpreting 
temporal frequency distributions because the operation of simple taphonomic processes, 
sampling deficiencies and radiocarbon calibration effects can create patterns that mimic 
approximately those of exponential human population growth. 
In addition, to guarantee the reliability of our analysis for demographic purposes we 
have to use a large dataset; as larger is the dataset as less the possible errors related to 
the sampling strategy will be. The reliability of the constructed SCPDs depends on the 
number of samples in analyzed sets. When the number of dates is too small, the gaps in 
the SCPDs reflect periods when samples have not been collected rather than necessarily 
indicating discontinuities in the demographic signal. 
The working assumption of summed probability analysis is that a sufficiently large 
regional sample of radiocarbon dates will counteract any problems at the site level: that 
multiple small nonsystematic samples from a large assemblage of sites constitute a 
quasi-random sample of regional trends in occupation. If this is accepted, then it is 
crucial to determine the minimum number of radiocarbon dates for a robust and 
reproducible summed probability distribution (Williams 2012). 
Many authors have focused on the minimum number of samples required for using 
dates as data (Michczynska & Pazdur 2004; Michczynska et al. 2007; Williams 2012). 
Michczynska and Pazdur (2004) applied Monte Carlo techniques to an artificial dataset 
and showed that the minimum number of radiocarbon dates required (keeping statistical 
fluctuations <50%) was reliant on the mean of the standard deviations reported for 
radiocarbon dates in the sample (laboratory error) (∆T) and the span of the time series. 
For instance, with a time interval of 0-14.0 ka and ∆T = 115 yr, the minimum number of 
dates is 200. For reliable results (with statistical fluctuations <20%), they concluded that 
780 dates with a ∆T = 115 yr is required (Michczynska and Pazdur, 2004; Michczynska 
et al., 2007).  Williams (2012) suggests a minimum sample of 200-500 dates, hence, 
analysis based on less that these values should be treated as provisional and likely to 
change appreciably once larger datasets become available. 
We have also to remind not to include in the analysis, 14C dates with a too high standard 
error, which would introduce a high degree of uncertainty in the final result. In general, 
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for a time span of one millennium we suggest to adopt as a common rule to refuse dates 
with a standard deviation equal or greater than 100 years. 
 
Eventually, we need to stress that SCPDs are a useful tool not only to detect phenomena 
of decline, extinction, and hiatuses in settlement history, but they can also be used to 
model the diffusion in time of certain variables, as we have shown for the funerary rite. 
In OxCal 4.2 (Bronk Ramsey 2009b) the SCPD distribution does not relate to a single 
event but the elements within the sum are treated as a phase, in the sense the 95% range 
for the summed distribution gives an estimate for the period in which 95% of the events 
took place, and not the period in which one can be 95% sure all of the events took place.  
Hence, under the assumption that we consider the population of dated archaeological 
contexts representative enough, we can model continuities and discontinuities both for 
demographic intensity and for adoption of single variables as we are going to argue in 
the next chapter. 
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8 QUANTIFYING THE RATE OF ADOPTION OF 
“INNOVATIONS” IN WESTERN EUROPE DURING 
BRONZE AGE 
 
 
8.1 The number of radiocarbon dates as an estimation of the number 
of adopters. Theoretical and methodological remarks 
 
If a diffusion hypothesis for the adoption of cremation burials and specific pottery 
typologies in the 2nd and the beginning of the 1st millennium BC was true, we could 
distinguish between the relative earliness and lateness with which such innovations 
were adopted by human population living in the studied area, compared with other 
communities. As a consequence, shorter or larger temporal lags would be observed 
between first appearance of a particular kind of burial or typology and its general 
acceptance within a population. The length of such gaps can be analyzed in terms of the 
innovation’s rate of adoption, defined as the relative speed in which members of a 
social system adopt an innovation or a change is produced. It is usually measured as the 
number of members of the system who adopt the innovation in a given time. 
Alternatively, the rate of adoption can also be measured as the length of time required 
for a certain percentage of the members of a system to adopt an innovation (Olshavsky 
1980; Rogers 2003; Young 2009).  
The precise way of quantifying this rate of adoption will depend on the nature of the 
model (Banks 1994). In a simple model (SI) there are two components or categories of 
social agents: those who have already changed and acquired the innovation (“adopters”) 
and those who are going to change (potential adopters). In the general model (SIR) there 
is a third category: those who have changed initially but subsequently rejected the 
innovation and came back to the initial situation before adoption. In a more complicated 
general diffusion model (SEIR), a forth category may be included: those who have been 
exposed to the innovation but have not yet adopted it. That means to include a measure 
of the “resistance” to adopt any particular innovation, which in some cases can be 
assumed as be the inverse of the time lag between the first evidence of the innovation in 
an area, and the actual observation of change: the shorter a time lag, the lesser the 
resistance to change, and the lesser social influence needed to resistance. 
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Quantifying the number of adopters across time from archaeological data is an 
interdisciplinary effort that should include researches in various fields, like demography, 
anthropology, paleogenetics, and human ecology (Housley et al. 1997; Gkiasta et al. 
2003; Fort et al. 2004; Gamble et al. 2005; Mellars 2006; Shennan & Edinborough 
2007; Hamilton & Buchanan 2007; Collard et al. 2010; Hinz et al. 2012; Shennan 
2013). Important questions that should be addressed before we can quantify the parts of 
a population adopting an innovation or changing their cultural features include the 
establishment of methods for inferring past population structure, the timing of the 
adoption or change, the relative importance of demographic variations, and the 
possibilities of alternative hypotheses like demographic transitions, colonization events, 
and/or population extinctions (Chamberlain 2009). We have addressed such topics in 
chapter 7. 
In ideal conditions, the precise knowledge of the number of adopters compared with 
population size at each time step would be necessary. Nevertheless, we can estimate the 
rate of adoption of an innovation or change even in the case the size of the population is 
not entirely known. The frequency (counts per time unit) of archaeological contexts in 
which the presence of the innovation has been asserted can be used to estimate the 
number of adoptions, although such a number did not express reliably population size at 
the time of adoption. 
We ground our approach on the assumption that the probability of dating a characteristic 
archaeological context should be binomially distributed. In probability theory and 
statistics, the binomial distribution is the discrete probability distribution of the number 
of successes in a sequence of n independent “yes/no” experiments, each of which yields 
success with probability p. In our case, we are looking for the probability a dated 
archaeological context had the innovation out of the number of dated archaeological 
contexts. In general, if the archaeological contexts where the presence of the attribute 
has been signaled (X) follows the binomial distribution with parameters n and p, the 
probability of finding exactly k contexts with that attribute in a total number of n dated 
archaeological contexts is given by the probability mass function: 
 
ST; , K = PrY = T = ZT[ K\1 − K]/\ 
 
for k = 0, 1, 2, ..., n, where 
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ZT[ = !T!  − T! 
is the binomial coefficient, hence the name of the distribution. The problem we are 
trying to solve is to calculate the probability of finding a properly dated archaeological 
context with a particular feature in a fixed number of dated archaeological observations 
with or without that feature. The formula can be understood as follows: we are 
interested in quantifying the number of contexts where the innovation has been already 
adopted (k successes, pk) taking into account the number of sufficiently similar 
archaeological contexts where there is no evidence of such an adoption or related 
cultural change (n – k). Therefore, k can be approached considering (1 − p)n – k, but we 
should take into account that the k archaeological events with the new cultural feature 
can occur anywhere among the n archaeological observations, and there are ]\ 
different ways of distributing k observations of a particular type in a set of n dated 
archaeological observations. 
The reliability of this measure of the rate of adoption or cultural change can only be 
asserted assuming that the two exclusive events (there is evidence of cultural change/ 
there is no evidence of cultural change) are mutually independent, that is, the actual 
observation of a “new” cultural feature at one site does not affect the probability of 
observing such a feature at another site. Therefore, the proportion between  well 
individualized and  properly dated archaeological contexts in which evidence of a 
particular feature has been reliably asserted and equally well individualized and 
properly dated contexts without that feature can be understood in terms of the number 
of adopters of an innovation (the feature in question) provided: 
• we are aware of the rate at which a finite population of archaeological contexts 
has been dated, 
• the probability to observe a number of contexts with a particular feature in a 
time interval is proportional to the temporal duration of that interval, 
• the probability that a context be classified as an instance of adoption of 
innovation is independent of the number of archaeological contexts so classified, 
• the probability of simultaneous adoption of an innovation in the past is very low, 
 
In the light of such assumption we can estimate the number of adopters trough the 
analysis of the number of radiocarbon dated archaeological contexts in which the 
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adoption is present. The adopted methodology to analysis the frequency of dates 
includes Summed Calibrated Probability Distributions (SCPD) and the histograms of 
medians of calibrated 14C dates (see chapters 4.3.2 and 4.5).  
The same criteria in the use of SCPD as a proxy for demographic signal can be adapted 
also to inference phenomena of adoption of innovation. 
Therefore, problems relating to overdated geographic areas and overdated 
archaeological sites can alter the reliability of the results. Therefore it is important to 
know the geographical and qualitative variability of dated archaeological events as no 
individual sites should overly dominate the total amount of radiocarbon dates. 
In fact, when we have different numbers of dated contexts from different sites, large 
numbers of dates from individual sites might skew the overall dataset (Armit et al. 
2013). For instance, at some cemetery we have dated two burials, and both radiocarbon 
dates are so similar that we can infer that both events were contemporary. At another 
cemetery we have not dated any single burial. At a third cemetery we have five 
radiocarbon estimates, but they are so different that there are no chances than any of 
them is contemporary with the other. According to the Binomial distribution 
assumptions, the probability of more than one simultaneous burial in a sufficiently small 
interval should be negligible, and not any simultaneous burials are expected to have 
occurred. Consequently, if we want to estimate the frequency of adoption of an 
innovation, we should reject the possibility of dating twice the same context, but we 
need to increase the probability of a point estimate using different isotopic events of the 
same archaeological context. After all, archaeological events are a palimpsest of 
depositional events, and those should be understood in terms of a heterogeneous 
aggregation of isotope events with probable different durations. As a consequence, the 
duration of the archaeological event is not equivalent to the duration of the originally 
dated isotopic events. 
Another factor that may alter the representativeness of the number radiocarbon dates as 
an estimate of the proportion between the number of adopters and potential adopters lies 
in particular natural and geomorphologic processes that may have modified the source 
of information, destroying part of the archaeological record. As we have stressed for 
SCPDs for demographic analysis (chapter 7), several scholars (Surovell and 
Brantingham 2007; Surovell et al. 2009, Peros et al. 2010) have proved that a constant 
taphonomic rate often drives the emergence of an exponential functional form in the 
post-taphonomic frequency distribution of sites through time regardless of the initial 
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frequency distribution of sites. When no bias occurs in sampling, every object in a 
population has an equal probability of being sampled (meaning discovered or excavated 
in archaeology). Bias occurs when portions of populations are more or less likely to be 
sampled for any reason. Some of the major biases impacting temporal frequency 
distributions of archaeological sites or deposits comprise research, discovery and the 
already mentioned taphonomic bias, including processes which destroy the 
archaeological and/or geological record. 
 
The rationale of our approach assumes that the proportion of dated archaeological 
contexts with a particular feature considered to be something “new” in the history of 
that particular site is expected to be monotonically related to the proportion of 
adopters/potential adopters, i.e. the more agents began to use something, the stronger 
the archaeological evidence of such an use. In other words, we cannot estimate the 
proportion of adopters/potential adopters in the human population having lived in the 
past, but we can certainly estimate the proportion of adopters/potential adopters in the 
archaeological dataset.  In this sense, the probability of having a dated sample from a 
context with a particular characteristic related to a particular time interval can be proved 
to correspond to the number of known occupied sites in that period, not to the number 
of people having lived in the past. This assumption implies that we consider the 
population of dated archaeological contexts representative enough. In specific cases in 
which such an assumption cannot be accomplished we will highlight the existence of 
such a problem directly in the text. 
We consider that as important as the absolute number of available dated isotopic is the 
exhaustiveness of the archaeological dataset (dated and non dated contexts) and the 
proportion between the number of dated contexts with presence of the attribute (the 
“innovation”) and the number of dated contexts with a reliable absence of the attribute. 
We should remember that the absence of evidence is not necessary an evidence of an 
absence! 
 
 
 
 
 
 
 8.2 Growth, diffusion and 
 
One of the most robust findings from over 3,000 studies in the diffusion of innovation 
literature is the S-shaped cumulative adoption curve, 
cumulative adoption time path or temporal pattern of a diffusion process (Fig. 
1969; Casetti 1969) 
 
Fig. 67 – The model for forecasting the diffusion of new consumer products proposed by Frank Bass 
This vast literature contains data for the spread of an enormous variety of practices, 
technologies, and ideas in communities and countries throughout the world. These cases 
include the adoption of "innovations" such as hybrid corn among Iowa farmers, bott
feeding practices among impoverished Third Worlders, new governance practices 
among Fortune 500 companies, chemical fertilizers among small
practice of not smoking among Americans. Typically, the cumulative adoption curve for 
the spread of these practices has an S
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Fig. 68 – S-Shaped diffusion curve. 
 
The S-shaped (sigmoid) adopter distribution rises slowly at first, when there are only 
few adopters in each time period (Fig. 68). The curve then accelerates to a maximum 
until half of the individuals in the system have adopted. Then it increases at a gradually 
slower rate as fewer and fewer remaining individuals adopt the innovation It is 
meaningful to highlight that although the diffusion pattern of the most innovations can 
be described in terms of a general S-shaped curve, the exact form of each curve, 
including the slope and the asymptote, can differ (Mahajan & Peterson 1985). In fact, 
the slope can be more or steep according to a rapid or a slow diffusion. 
 
The time element of any diffusion process allows us to draw diffusion curves and to 
understand the dynamics of the innovation-decision process. Because time is required 
for innovations to be adopted by the members of a population and, depending on both 
internal and external factors, some innovations diffuse faster than others; one can 
reasonably define the concept of diffusion speed as a measure of how fast a particular 
innovation is adopted (Shinoara 2012). As Nieto et al. (1998) argued, the underlying 
hypothesis in diffusion models that are based on the logistical function is simple: the 
speed to which the total number of agent that adopt a new technology increases, 
depends on the number of agent that have already assimilated it and the potential 
number of firms that have not yet incorporated it. In other words, as fewer agents are 
left to adopt a new technology, the rate at which adoption occurs decreases. This 
produces the convex segment at the top of the S-curve that marks the inflection point 
from a rapid to a more gradual increase. The S-curve is produced in a setting where the 
208 
 
population of agents is finite. 
In terms of development, the S-curve describes a path of an initially slow performance 
increase followed by a rapid rise in performance that levels off as some physical limit of 
potential is approached (Altshuller 1984; Bowden 2004; Eriksson 1997; Nieto et al. 
1998; Wedgwood et al. 2003). The S-shape of a typical development curve can be 
viewed as the result of the process of exhausting a ‘solution space’ of potential 
improvements: as the pool is explored and exploited there are fewer and fewer 
improvements remaining to be discovered, slowing the pace of improvement if the 
number of trials stays the same (Fig. 69). Again, the S-curve is produced in a setting 
where there is a finite potential for improvement. 
 
 
Fig. 69 – Styles S-curve of technical systems evolution and limits of resources 
(Source: Kucharavy & De Guio 2011). 
 
 
According to standard accounts, the adoption of an innovation usually follows a normal, 
bell-shaped curve when plotted over time on a frequency basis. In particular, in such a 
process follows a number of rules, which allow us to distinguish four main stages (Fig. 
70). The first one is the primary step, which corresponds to the beginning of the 
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diffusion. At this temporal location, only a few individuals adopt the innovation in each 
time period, therefore diffusion introduces a new differentiation inside geographical 
space. This is the time span in which the role of the innovators is crucial for the further 
stages. A contrast is appearing between places where the event took place and other 
places. Soon the diffusion curve begins to climb, as more and more individuals adopt it 
in each succeeding time period. This is the second stage, which is called expansion step. 
In this phase the occurrence of the event takes place generating a gradual softening of 
the strongest contrasts between places. During the following step, that is called 
condensation step, the rate of penetration into the different places tends to become more 
homogeneous, while speeds of diffusion in the various places grow closer. In this stage 
the trajectory of the rate of adoption begins to level off, as fewer and fewer individuals 
remain who have not yet adopted the innovation. Finally, in the ultimate step, that is 
called saturation step, the penetration rate increases toward a maximum following an 
asymptotic curve. S-shaped curve reaches its asymptote, and the diffusion process is 
finished. This point can be interpreted as the maximum carrying capacity of the system. 
No more adopter can be included in the process. 
 
 
Fig. 70 – The four main stages in the adoption of innovation. 
 
It is important to highlight that the S-shaped curve is constructed and plotted in two 
dimensions, representing the cumulative number of adopter occurring over time. The 
adoption process can also be drawn in a not cumulative way by a Gaussian (Fig. 71); 
these are just two different ways to display the same data. In both the cumulated 
210 
 
frequency distribution and the normal distribution the points 1 and 3 correspond to the 
early and the late phases of the adoption process. In such phases, which are relatively 
stable regions, it is difficult to change the system (Rogers et al. 2005). On the contrary, 
the highest reactivity across all adopter groups is found at the critical mass inflection 
point, point 2 on the S-shaped diffusion curve. This is where cascades of change occur. 
The diffusion curve can be thought of as a smooth curve that passes through the step-up 
plateaus in systemic fitness thresholds. As the curve rises, certain thresholds are passed 
for adoption networks. These rising thresholds evoke adaptation (in the case of early 
adopters) or loss (for laggards). Critical mass is reached at the point where there are 
enough adopters that further diffusion becomes self-sustaining (Rogers 2003). At the 
height of the adoption curve, the fittest members of the social network have self-
organized (adapted) to the higher plateau of fitness and adopted the innovation. 
Bifurcation, or decision, points have been passed on the way at step-like critical-mass 
thresholds. Unfit adopters, those without sufficient capability or inclination to adopt, 
have been precluded from participating in the adoption of the innovation. (Rogers et al. 
2005). In such a process Rogers (2003) managed to quantify the amount and the role of 
agents which take place in the time span, from the innovators to the laggards.  
 
Fig. 71 – The diffusion of innovation according to Rogers (2003). The normal distribution is in blue and 
the cumulative frequency distribution is in yellow. 
 
An important point in the S-shaped curve is the so called point of inflection (Fig. 72). It 
is the point where the curve changes from increasing faster to increasing slower. It also 
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marks some symmetry for the curve, both for the population and for time. In fact, half 
of the people are accounted for below the point of inflection, and half are accounted for 
above that point. Moreover, half of time is accounted for the left of the point of 
inflection, and half of the time is accounted for the right of that point. This is a key point 
of interest because it is about where critical mass occurs, i.e. the point after which 
further diffusion becomes self-sustaining (Rogers 2003; Rogers et al. 2005). A 
continuing increase in the number of adopters, or synapses, or processing elements, 
increases the energy being processed in the local system at the inflection point. Until 
that point of critical mass is reached on the S-curve, the rate of increase in the number 
of adopters per time unit is nearly linear (Rogers et al. 2005). 
 
 
Fig. 72 – The point of inflection in the S-shaped curve (Source: www.nctm.org/resources). 
 
The essential meaning of this function is “the rate of growth is proportional to both the 
amount of growth already accomplished and the amount of growth remaining to be 
accomplished”. Understanding of that concept helps to catch part of the answer to the 
question: “Why does the S-curve approach possess forecasting powers?”. 
Casetti (1969) suggested this model based on the following postulates: 
 
1. that the adoption of technological innovations by potential users results 
primarily from “messages” emitted by adopters; 
2. that potential users have different degrees of “resistance” to change;  
3. that within any region there are potential users with different degrees of 
“resistance”; 
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4. that resistance is overcome by a sufficiently large repetition of messages. It can 
be shown that the dynamic interaction of these postulates causes the proportion 
of adopters to increase slowly at first, then rapidly, then slowly again until 
saturation is reached. 
 
Moreover, according to Kucharavy and De Guio (2011) the forecasting power of the S-
curve is due to the basic concept of limiting resources that lies at the basis of any 
growth process. In diverse areas, limiting resources are named in different ways: 
scarcest resources (geochemistry), restricted resources (economy), limitation of 
resources, resource constraint (theory of constraints), etc. In most cases, applying an S-
curve for forecasting induces the correct measurement of the growth process that in turn 
can be applied to identify the law of natural growth quantitatively and to reveal the 
value of the ceiling (upper limits of growth) and steepness of the growth (slope of 
curve). Obviously, the more precise the data and the bigger the section of the S-curve 
they cover leads to a lower level of uncertainties. In other words, one can identify a 
more accurate ceiling and steepness with a larger data set. This effect causes some 
difficulties in applying an S-curve forecast for emerging technologies, which have not 
yet passed the "infant mortality" threshold (when the ratio of new to old technology has 
not reached 0.1). 
The slopes and inflection points of any given development or diffusion curve are 
potentially affected by a number of other things. Conceptually, accordingly to Mahajan 
and Peterson (1985) it is possible to consider the effect of the communication channels, 
which can be of the following type: vertical, centralized, structured or formal. 
Accordingly to Young (2009), innovation is diffused through two channels: from the 
fonts internal to the group and/or from the fonts external to the group. The intensity of 
these sources determines the shape of the curve. The diffusion patterns of these models 
can be characterized in function of two mathematical properties: the symmetry of the 
adoption rate curve and the inflection point location relatively to the adopters 
accumulation. 
Eventually, it is meaningful to highlight that the S-curve is innovation-specific and 
system-specific, describing the diffusion of a particular new idea among the member 
units of a specific system. The S-shaped curve describes only cases of successful 
innovation, in which an innovation spreads to almost all of the potential adopters in a 
social system. Many changes are not “successful”. 
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8. 3 Quantifying the adoption of a new funerary ritual 
 
In order to understand the temporal distribution of different funerary rite, both 
inhumation and cremation, we have produced two SCPDs using radiocarbon dates 
included in the EUBAR database. We have filtered our dates not taking into account 14C 
dates with a standard deviation greater than 100 years. Additionally, we have 
represented the frequency in time of these contexts using the histograms of the medians. 
In order to control problems relating to sample strategy, which could cause lack in the 
distributions of our data, we have chosen to adopt time lags of both 200 and 100 years. 
The aim is to visualize over a macro-scale the possible differences between the two 
phenomena: the adoption of inhumation burials and that one of cremation burials. In the 
first stage we have analyzed together data originating from the whole territory included 
in the EUBAR database, from the Ebro to the Danube River. 
First, we have summed 145 14C dates originating from 71 archaeological sites 
characterized by the presence of radiocarbon dated inhumation burials (Fig. 73). The 
result of the SCPD shows a negative trend in the number of inhumation burials for the 
time span 1800-800 BC. In particular, the decrease in the amount of contexts seems to 
be more pronounced at around 1400 BC, whilst in the second part of the rage, from 
1400 to 800 BC the presence of inhumations reaches stability without significant 
fluctuations. Analyzing the same dataset adopted in the SCPD, we have produced two 
histograms with the medians of calibrated radiocarbon dates, as calculated by the 
software OxCal 4.2 (Bronk Ramsey 2009b). The same negative trend can be observed 
in the histograms of medians without any relevant difference between 200 and 100 time 
lags (Fig. 74 and 75). 
Such results, which point the decrease in the frequency of inhumations for the time span 
1800-800 BC, can be used as a proxy for a diminution of the number of adopters, who 
practiced the inhumation rite. 
 
 Fig. 73 – SCPD of funerary contexts included in the EUBAR database and character
inhumation rite.
Fig. 74 – Histogram of funerary contexts included in 
the EUBAR database characterized by the inhumation 
rite. Medians of the calibrated radiocarbon dates.
Time lags of 200 years.
Second, we have summed 77 
characterized by the presence of radiocarbon dated cremation burials (Fig. 
result of the SCPD shows an opposite trend compared to the inhumations’ one. We can 
clearly observe a positive trend in the
1800-800 BC. In particular, the increase seems to be more pronounced in the last part of 
the time span, which corresponds to the Late Bronze Age and the Iron Age transition. It 
is relevant to remember that the
in this case the adoption of cremation burials in the 2
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 IntCal13 calibration curve (Software: OxCal 4.2).
 
 
 
 
 
Fig. 75 – Histograms of funerary contexts included in 
the EUBAR database characterized by the inhumation 
rite. Medians of the calibrated radiocarbon dates.
lags of 100 years.
 
 
14C dates originating from 42 archaeological sites 
 number of cremation burials for the time span 
 SCPD do not show the beginning of the phenomenon, 
nd
 and the beginning of the 1
ized by the 
 
 
 Time 
 
76). The 
st
 
 millennia BC, but it must be interpreted as a graphical visualization of the probability of 
recovering cremation buria
BC could be a consequence of the calibration, as we have argued for other SCPDs in the 
chapter 7. 
Fig. 76 – SCPD of funerary contexts included in the EUBAR database and characterized by the crema
rite. IntCal13 calibration curve (Software: OxCal 4.2).
Fig. 77 – Histogram of funerary contexts included in 
the EUBAR database and characterized by the 
cremation rite. Medians of the calibrated radiocarbon 
dates. Time lags of 200 years.
 
To strengthen the results obtained in the SCPD, using the same dataset we have 
produced two histograms with the medians of calibrated radiocarbon dates, as calculated 
by the software OxCal 4.2 (Bronk Ramsey 2009b)
can also be observed in the histograms of medians. It is relevant to notice that in t
histograms we cannot recognize the fluctuation around 1400 BC, the increase in the 
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Fig. 78 – Histogram of funerary contexts included in 
the EUBAR database and characterized by the 
cremation rite. Medians of the calibrated radiocarbon 
dates. Time lags of 100 years.
 (Fig 77 and 78). The positive trend 
 
tion 
 
 
he 
 amount of 14C-dated cremation burials is constant with no relevant differences between 
200 and 100 time lags. 
In order to analyze on a smaller scale the temporal distribution of cremation burials we 
have taken into account four main regions: the North
Southern France, Northern Italy and the north of the Alps region (Switzerland, Austria 
and Southern Germany). In spite of the low number of available dates per region we 
have been able to distinguish regional differences from the different SCPDs produced 
for the various territories (Fig. 
placed earlier in the North of the Alps territories, where the phenomenon shows a 
positive trend as we move to the 800 BC. Regrettably, in Northern Italy the small 
number of dates affects the reliability of the obtained result. Therefore, the shown 
adoption of cremation burials in particular around 1600 and 1200 BC must be 
considered only as preliminary. The increase in the number of radiocarbon dated 
cremation graves in this area would shed light on the temporal distribution of the new 
funerary rite. In Southern France the probability of the adoption of cremation starts 
around 1500/1400 BC and it seems to increase in the analyzed time span. A similar 
pattern but with a later chronology can be recognized in the North
Peninsula, where the phenome
Fig. 79 – SCPDs of 14C-dated cremation burials included in the EUBAR database from: the North
Iberian Peninsula (A), Southern France (B), Northern Italy (C), and the north of the Alps region (
IntCal13 calibration curve (Software: OxCal 4.2).
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-East of Iberian Peninsula, 
79). The adoption of cremation burials seems to be 
non reaches its maximum development around 800 BC.
 
-East of Iberian 
 
-East of 
D). 
  
To sum up, in the time span 1800
practice of inhumation rite are two different phenomena whose temporal distribution 
can be clearly distinguished. Our data s
and the Ebro River, the transition between the two phenomena can be placed at around 
1220 BC (Fig. 80). 
It follows that the lesser people were inhumated, the more people were cremated. It 
implies that the smaller the number of people practicing the inhumation rite, the higher 
the number of adopters of the cremation rite.
 
Fig. 80 – The transition from the practice of inhumation burial (in grey) to the adoption of cremation 
burials (in black). SCPDs of 14
 
8.4 Quantifying the adoption of new cultural elements
 
The adoption of cremation burials is not the only innovation which took place in the 2
millennium BC in Prehistoric Europe. As we have explained in chapter 3 and 5 there are 
others cultural elements that were newly introduced along the time span 1800
As we have demonstrated, for the funerary rite, the analysis of such variables rega
their temporal distribution allows us to infer episodes of continuities and discontinuities 
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how that on a macro scale, between the Danube 
 
C dates included in the EUBAR database. IntCal13 calibration curve 
(Software: OxCal 4.2). 
 
nd
 
-800 BC. 
rding 
 in time over a macro scale. 
In this paragraph we focus on the most outstanding ones among those included in the 
EUBAR database. 
 
 
8.4.1 Fluted pottery 
 
We started with the analysis of 
association with the sample submitted to dating. For a description of fluted pottery we 
refer the reader to the chapter 
A SCPD using 213 radiocarbon dates from re
database, was produced (Fig. 
pottery across time. Although the probability of finding fluted pottery covers the whole 
time span, with low values in the first 100 years, the probability increases as we move 
to the Late Bronze Age. Indeed, the mode of the graph, which identifies the point with 
the highest probability for the presence of fluted pottery, is located in the time span 
1000-900 BC.  
We can recognize the same trend in the histograms of the medians of calibrated dates, 
obtained using the same dataset (
 
Fig. 81 – SCPD of contexts characterized by the presence of fluted pottery included in the EUBAR 
database.
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14C-dated contexts where fluted pottery was recovered in 
5.3.2.2 
liable contexts, included in the EUBAR 
81). The graph shows an increase in the presence of fluted 
Fig. 82 and 83). 
 IntCal13 calibration curve (Software: OxCal 4.2). 
 
  
Fig. 82 – Histogram of contexts characterized by the 
presence of fluted pottery included in the EUBAR 
database. Medians of the calibrated radiocarbon dates.
Time lags of 200 years.
 
Our results point that the adoption of fluted pottery is a clear phenomenon of innovation 
in the 2nd millennium BC. Although such a pottery decoration is attested since the 
Middle Bronze Age the number of adopters increases according to a constant rate in the 
time span 1800-800 BC. 
Can the same global time pattern be recognized in different regional area
We have considered four main regions: the North
France, Northern Italy and the north of the Alps region (Switzerland, Austria and 
Southern Germany). Through the analysis of SCPDs of these regions we can distinguish 
that the adoption of fluted pottery had different chronologies in different places (Fig. 
84). 
The area where this pottery was earlier adopted seems to be Northern Italy, where there 
is evidence for the presence of fluted pottery since the Middle Bronze Age. 
are aware that such a decoration is largely frequent among pottery collected in the 
Terramare settlements in the Po Valley. In the north of the Alps territories this 
decoration is also attested since the Middle Bronze Age, but it is in the Late
when it reaches its maximum diffusion. The major number of adopters seems to be 
around 1200 BC. Eventually, fluted pottery in Southern France and in the North
Iberian Peninsula are characterized by temporal distributions which have many
in common. Higher probabilities of recovering fluted pottery seem to be earlier in 
Southern France, where it is attested since around 1500
maximum in the time span 1100
Iberian Peninsula shows that fluted pottery is attested slightly later in time, since the 
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Fig. 83 – Histogram of contexts characterized by the 
presence of fluted pottery in
database. Medians of the calibrated radiocarbon dates
Time lags of 100 years.
 
-East of Iberian Peninsula, Southern 
-1400 BC and it reaches the 
-1000 BC. On the contrary, the SCPD of North
 
cluded in the EUBAR 
. 
 
s? 
In fact, we 
 Bronze Age 
-East of 
 features 
-East of 
 Late Bronze Age. Its presence increases as we move to the Iron Age.
 
Fig. 84 – SCPDs of reliable contexts with fluted pottery included in the EUBAR database from: the 
North-East of Iberian Peninsula (A), Southern France (B), Northern Italy (C), and the north of the Alps 
region (D). 
 
It should not surprise the parallelisms in the shape of the SCPD obtained for cremation 
burials, and those for fluted pottery. In fact, we should remember that the arrival of 
fluted pottery in the North-
the arrival of the Urnfield burials. If we compare such graph with the SCPD of 
dated cremation burials from the same region we can observe that the probability to 
recover fluted pottery in the North East of Iberian Peninsula started before th
of cremation burials (Fig. 
assume that they represent two different and autonomous phenomena in this region.
 
 
8.4.2 Vases with handles with vertical expansion
 
The second pottery typology w
expansion. As we have previously explained in the chapter 5.3.2
distributed in Northern Italy, Southern Switzerland, Southern France and the North
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of Iberian Peninsula. This datum is confirmed by the spatial distribution of 14C-dated 
archaeological contexts where handles with vertical expansion were recovered (Fig. 85). 
 
Fig. 85 – 14C-dated contexts included in the EUBAR database and characterized by the presence of vases 
with handles with vertical expansion. The numbers correspond to: Bauma del Serrat del Pont (1),Can Barraca 
(2), Can Roqueta II (3), Carretelà (4), Clará (5), Cova d’en Pau (6), Cova de la Guineu (7), Cova de Punta Farisa (8), 
Dolmen de la Pera d’Ardèvol (9), Genó (10), La Fonollera (11), La Torraza I (12), Masada de Ratón (13), Roques del 
Sarró (14), Tozal de Macarullo (15), Vilot de Montagut (16), Vincamet (17), Aven de la Mort de Lambert (18), 
Cournon d’Auvergne (19), Grotte Murée (20), Llo-Lladre (21), Port-Ariane III (22), Anzola (23), Bric Tana (24), Ca’ 
Manzini (25), Caorle-San Gaetano (26), Castellaro del Vhò (27), Dicomano (28), Frassino I (29), Gradiscje di 
Codroipo (30), Lavagnone (31), Magrè-Tolerait (32), Montale (33), Monte Castellaccio (34), Monte Leoni (35), 
Monte Madarosa (36), Noceto-vasca votiva (37), Santa Rosa di Poviglio-Villaggio Piccolo (38), Solarolo-via Ordiere 
(39), Villaggio di Castellari (40), Padnal de Savognin (41). 
 
In order to analyze the frequency of such a variable in the time span 1800-800 BC we 
have summed calibrated dates from reliable samples archaeologically associated to 
handles with vertical expansion and included in the EUBAR database. We have 
obtained a SCPD of 78 radiocarbon dates from 29 sites (Fig. 86). The result points a 
higher frequency of the variable in the time span 1650-1400 BC on a macro scale. That 
is not surprising as the origin of this typology has been traditionally placed in the North 
Italian archaeological contexts of the Polada and Terramare cultures, dated to the end of 
the Early Bronze Age and the Middle Bronze Age. The amount of dated contexts 
slightly decreases as we move to the beginning of the Iron Age. 
Such a temporal distribution is confirmed in the histograms of medians, both for 200 
and 100 years time lags (Fig. 87 and 88). 
 
 Fig. 86 – SCPD of contexts characterized by the presence of handles with vertical expansion included in 
the EUBAR database.
Fig. 87 – Histogram of contexts characterized by the 
presence of handles with vertical expansion included 
in the EUBAR database. Medians of the calibrated 
radiocarbon dates. Time lags of 200 years.
 
 
Nevertheless, when we analyze regional distribution we can recognize different time 
patterns in different territories. As for fluted pottery we have produced SCPDs for 
main regions: the North-East of Iberian Peninsula, Southern France, Northern Italy 
the north of the Alps region (Switzerland, Austria and Southern Germany)
Regrettably, the amount of dates in some regions, like Southern France and Northern 
Alps, is too low, so obtained results must be taken into account only as preliminary
any case we can distinguish that the Middle Bronze Age core of sites where pottery with 
vertical expansion handles have been found is located in Northern Italy. The same 
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Fig. 88 – Histogram of contexts characterized by the 
presence of handles with vertical expansion included 
in the EUBAR database. Medians of the calibrated 
radiocarbon dates. Time lags of 100 years.
 
 
 
 
four 
and 
 (Fig. 89). 
. In 
 temporal distribution can be appreciated in the north of the Alps region represen
by the settlement of Padnal de Savognin in Southern Switzerland. In Southern France 
presence of such a variable seems to be placed both in the Middle Bronze Age and in 
the Late Bronze Age. On the contrary, in the North East of Iberian Peninsula ha
with vertical expansion are concentrated mainly in the last phase of Bronze Age. 
However, we must be cautious with such results due to the small amount of contexts.
 
Fig. 89 – SCPDs of reliable contexts, included in the EUBAR database, where handle
expansion were recovered from: the North
Italy (C), and the north of the Alps region (
 
 
8.4.3 Pottery with helicoidal ribs 
 
The decoration formed by helicoidal ribs located in the carina or in the bell of vessels 
has been traditionally linked to the 
the Ha A1 phase (Leonardi 2010). See 
hypothesis using data collected in the EUBAR database.
After having selected reliable contexts where such a variable was attested, we produced 
a SCPD using the 11 14C dates originating from 8 archaeological sites (
Additionally we analyzed the temporal distribution of such a pottery decoration using 
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to test such a 
Fig. 90). 
 the histograms of the medians of calibrated 
100 years have been taken into account.
Despite of the small number of dates the
placed in the time span 1250
the Ha A1 phase. The more recent dates correspond to contexts located in the South
Western France and in Catalonia.
Catalan context where this variable has been attested is the necropolis of Can Missert 
(Terrassa), where a cremation burial in an urn decorated with 
Moreover, such a cemetery was linke
territory (Pérez Conill 2009), what could explain the later presence of 
with helicoidal ribs decoration
 
 
Fig. 90 – SCPD of contexts characterized by the presence of pottery decorated with helicoidal ribs 
included in the EUBAR database.
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 Fig. 91 – Histogram of contexts characterized by the 
presence of pottery decorated with helicoidal ribs 
included in the EUBAR database. 
calibrated radiocarbon dates. Time lags of 200 years.
 
 
8.4.4  Biconical vessels 
 
In order to analyze the temporal distribution of biconical vessels we have selected 146 
14C dates from 64 sites where samples reliable associated to biconical vessels were 
recovered. Data originate from archeological contexts included in the EUBAR database
The SCPD (Fig. 95) as well as the histograms of medians 
using such dataset are characterized by a homogeneous temporal distribution of the 
pottery typology in the time span 1800
vessels appear in a quite stable frequency in the analyzed chronological range, no 
episodes of discontinuity have been detected. The small peak around 1400 BC can be an 
effect of the calibration process as we have mentioned previously. The result highlights 
that the common biconical form of vessels cannot be used alone as a time marker (see 
chapter 5.3.2.4), nor characterize the new period.
 
Fig. 93 – Histogram of contexts characterized by the 
presence of biconical vessels included in the EUBAR 
database. Medians of the calibrated radiocarbon dates. 
Time lags of 200 years.
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Fig. 92 – Histogram of contexts characterized by the 
presence of pottery decorated with helicoidal ribs 
included in the EUBAR database. 
calibrated radiocarbon dates
(Fig. 93 and 9
-800 BC. The distributions show
 
 
 
Fig. 94 – Histogram of contexts characterized by the 
presence of biconical vessels included in the EUBAR 
database. Medians of the calibrated radiocarbon dates. 
Time lags of 100 years.
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 Fig. 95 – SCPD of contexts characterized by the presence of biconical vessels in the EUBAR database.
IntCal13 calibration curve (Software: OxCal 4.2).
 
 
8.4.5 Carinated cups 
 
Carinated cups are another vessel form 
from 85 archaeological sites included in the EUBAR database have been retained for 
the analysis. 
The SCPD (Fig. 96) and the histograms of medians (Fig. 
homogeneous temporal distribution (stationarity). The probability of recovering 
carinated cups is equally distributed in the whole time span 1800
detect a lower probability in the last phase of the Bronze Age. Regarding those results 
we need to highlight the major difficulties in identifying such a variable, for the 
problems already mentioned in the 
ambiguous terminology used to describe this vessel form and the problems of 
fragmentation, whose effects do not allow us to identify clearly this pottery typology.
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 Fig. 96 – SCPD of contexts characterized by the presence of carinated cups included in the EUBAR 
database.
 
Fig. 97 – Histogram of contexts characterized by the 
presence of carinated cups included in the EUBAR 
database. Medians of the calibrated radiocarbon dates. 
Time lags of 200 years.
8.4.6 Daggers and knives
 
Among the metallic objects included in the EUBAR database we have decided to 
analyze daggers and knives together. The main 
blades: daggers have a double edged blade which is sharp on both sides; knives have 
only one side of the blade sharpened.
Regarding their function, Bronze Age daggers had mostly the utility of weapons 
although their use as a tool cannot be discarded; on the contrary Bronze Age knives 
were mainly used as tools. Regarding their chronology, knives represent an innovation 
of the Middle Bronze Age which spread quickly and with lasting effect across central 
Europe (Jockenhövel 2013).
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Fig. 98 – Histogram of contexts characterized by the 
presence of carinated cups in
database. Medians of the calibrated radiocarbon dates. 
Time lags of 100 years.
 
 
 
difference among them is the number of 
 
 
 
 
cluded in the EUBAR 
 
 Our aim was to test if possible different temporal patterns can be recognized on a macro 
scale between daggers and knives taking into account 
included in the EUBAR database.
We have started analyzing 58 radiocarb
found in association with the dated sample. Regrettably the number of reliable 
archaeological contexts where daggers have been recovered is low.
Using such a dataset we have produced a SCPD (Fig. 
(Fig. 100 and 101). The results point a decrease in the amount of daggers in the time 
span 1800-800 BC between the Ebro and the Danube River. The highest probability in 
the adoption of daggers seems to be placed in the Early and in the Mid
between 1800 and 1450 BC, whilst it is sensibly lower between 1200 and 800 BC.
Fig. 99 – SCPD of contexts characterized by the presence of bronze daggers included in the EUBAR 
database.
Fig. 100 – Histogram of contexts characterized by the 
presence of bronze daggers included in the EUBAR 
database. Medians of the calibrated radiocarbon dates. 
Time lags of 200 years.
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Fig. 101 – Histogram of contexts characterized by the 
presence of bronze daggers included in the EUBAR 
database. Medians of the calibrated radiocarbon dates. 
Time lags of 100 years.
 
 
 
 
 
 Regarding knives we have retained for the analysis 41 radiocarbon dates originating 
from 18 archaeological sites. 
in order to obtain a SCPD (Fig. 
distribution of knives using the histograms of medians (Fig. 
Results are in agreement with what expected. The probability of recovering knives in 
Bronze Age archaeological contexts is lacking in the first part of the time span 1800
800 BC. Our data shows that before 1600 BC such a tool was absent. 
on, the probability of finding knives is low till around 1300 BC, when it starts to 
increase. In the light of such results it is clear that: on the one hand the adoption of 
knives in the 2nd millennium BC is a clear phenomenon of adoption of innovation 
characterized by a constant positive trend between 1800 and 800 BC. In fact, the highest 
probability in the adoption of such a variable is located at the end of the time span. On 
the other hand, daggers present a completely opposite temporal distribution, with a 
negative trend in the same time span.
 
 
Fig. 102 – SCPD of contexts characterized by the presence of 
database.
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Using such a dataset we have summed the calibrated dates 
102). In addition, we have analyzed the temporal 
103 and 104
From this moment 
 
metal knives included in the EUBAR 
 IntCal13 calibration curve (Software: OxCal 4.2). 
). 
-
 
 Fig. 103 – Histogram of contexts characterized by the 
presence of metal knives included in the EUBAR 
database. Medians of the calibrated radiocarbon dates. 
Time lags of 200 years.
8.4.7 Fortified settlements
 
Among social and economic variables included in the 
analyze a variable that provide information about the settlement structure between 1800 
and 800 BC, i.e. the presence of traces of fortification. Therefore, we have summed 95 
radiocarbon dates originating from 24 fortified sett
histograms of medians using the same dataset.
The obtained SCPD (Fig. 105
relevant episodes of change in the frequency of such a variable in the studied 
chronological range. In particular, we cannot detect a relevant increase in the number of 
fortified settlements for the last phase of the Bronze Age in the territory comprised 
between the Ebro and the Danube River. The probability of the presence of fortified 
villages seems to be higher between 1800 and 1200 BC. However, we must be cautious 
with this result because only 24 sites for one millennium have been included in the 
analysis. Therefore, the study and the comparison with non 
could highlight problems of sampling in the available data.
Moreover, it is relevant to add that traditionally the increase of fortified settlements 
become clear in the Ha C phase, which is not included in the analyzed time span, as it 
corresponds to the Hallstatt plateau in the IntCal13 calibration curve.
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Fig. 104 – Histogram of contexts characterized by the 
presence of metal knives included in the EUBAR 
database. Medians of the calibrated radiocarbon dates. 
Time lags of 100 years.
 
 
 
EUBAR database we decided to 
lements and we have produced 
 
) as well as the histograms (Fig. 106 and 107
14C-dated archeological sites 
 
 
 
 
) do not show 
 Fig. 105 – SCPD of 14 C dates from fortified settlements included in the EUBAR database. 
calibration curve (Software: OxCal 4.2). We have filtered “overdated contexts” using the function 
“R_Combine” 
Fig. 106 – Histogram of fortified settlements included 
in the EUBAR. Medians of the calibrated radiocarbon 
dates. Time lags of 200 years.
8.5 The classical logistic model of temporal growth 
 
The regularity of systems' evolution, characterized by an 
by a rapid change and then ending in a slow change again are observed since statistical 
observation was established in the mid 18
discovered, reinvented, and adapted the curves of nonlinear growth many times for 
different domains of knowledge. Therefore, S
names: Logistic curve, Verhulst
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of OxCal 4.2 (Bronk Ramsey 2009a). 
 
 
 
Fig. 107 – Histogram of fortified settlements included 
in the EUBAR database. Medians of the calibrated 
radiocarbon dates. Time lags of 100 years.
 
 
 
initial slow change, followed 
th
 century. Various scientists and researchers 
-shaped curves possess a lot of different 
-Pearl equation, Pearl curve, Richard's curve 
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(Generalized Logistic), Growth curve, Gompertz curve, S-curve, S-shaped pattern, 
Saturation curve, Sigmoid(al) curve, Foster’s curve, Bass model, and many others.  
 
To model the diffusion of innovation and thus determine the rate of growth in the 
number of users of an innovation and predicting their numbers in the future, one can use 
the mathematical theory of the spread of infections during an epidemic or the theory of 
information transfer (Kijek & Kijek 2010). 
Using the theory of epidemiology, a fundamental model of innovation diffusion can be 
expressed by the differential equation: _"!_! = D! − "! 
where: 
• t  is time 
• N(t) is the cumulative numbers of adopters at time t 
• m is the ultimate ceiling of potential adopters 
• g(t) is the coefficient (rate) of diffusion.  
 
This equation points out that the diffusion rate is a function of the number of the 
potential adopters who have not yet adopted the technology and the rate of diffusion. 
The rate of diffusion, g(t), reflects the likelihood that potential adopters will adopt the 
innovation in some small interval of time around time t. The value of g(t) depends on 
such characteristics of the diffusion process as the type of innovation, communication 
channels, time and the traits of the social system. Depending on the formula for the 
coefficient of diffusion, g(t), there are three specific models of innovation diffusion 
(Kijek & Kijek 2010): 
1. the external-influence model, where the coefficient of diffusion g(t) is a constant 
p, 
2. the internal-influence model, where the coefficient of diffusion g(t) is qN(t), 
3. the mixed-influence model, where the coefficient of diffusion g(t) is p + qN(t). 
 
The constant p in the external influence model is defined as the coefficient of innovation 
or external influence, emanating from the outside of a social system. Under such a 
premise, it can be assumed that p depends directly on communication regarding 
innovation, formulated by market agents, government agencies, etc., and aimed at 
233 
 
potential users of innovation. This model is applicable to modeling the diffusion of 
innovation, where agents of the social system are relatively isolated, when formalized 
and hierarchical communications dominate the sphere of communication. This is the 
case of the classical Pearl-Venhurst model. Its equation is: 
S` = 11 + E/ 
Where e is Euler's number (e = 2.71828...) 
The constant q in the internal-influence model, defined as the coefficient of imitation, 
reflects the interactions of prior adopters with potential adopters. Therefore, the decision 
by potential users to adopt an innovation depends directly on the information 
formulated by existing users. The internal-influence model is appropriate to characterize 
the diffusion of innovation when a social system is relatively small and homogenous 
and there is a need for legitimizing information prior to adoption. The specific form of 
this model is the well-known Gompertz law of mortality, which states the rate of 
mortality (decay) falls exponentially with current size. 
a! = bE/cdef  
Where: 
• a is the upper asymptote, since bEcdg = bEh = b  
• b, c are positive numbers 
• b sets the displacement along the x axis (translates the graph to the left or right) 
• c sets the growth rate (y scaling) 
• e is Euler's Number (e = 2.71828...) 
Examples of uses for Gompertz curves include: 
• Mobile phone uptake, where costs were initially high (so uptake was slow), 
followed by a period of rapid growth, followed by a slowing of uptake as 
saturation was reached.  
• Population in a confined space, as birth rates first increase and then slow as 
resource limits are reached.  
A final hypothesis is the mixed-influence model, developed by Bass (1969), which 
subsumes both of the previous models. For the mixed-influence model, the diffusion 
coefficient g(t) is equal to p + q N(t). In view of its great degree of generality, due to the 
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accommodation of both internal and external influences, mixed-influence models are 
the most frequently employed in analyses. The mixed-influence model can be expressed 
using the following equation: 
_"!_! = iK + j "!k  − "! 
where: 
• N(t) is the cumulative number of adopters at time t 
• m is the ceiling 
• p is the coefficient of innovation 
• q is the coefficient of imitation 
 
Assuming F(t) = N(t)/m, where F(t) is the fraction of potential adopters who have 
adopted the technology by time t, the Bass model can be restated as: _!_! = K + j!1 − ! 
 
The Richards’ model (Richards 1959) is an empirical model developed for fitting 
growth data. Through the use of a shape parameter that enables the curve to stretch or 
shrink, the Richards model encompasses the Gompertz, Fisher–Pry and every other 
imaginable sigmoidal model (Banks 1994; Marinakis 2012) 
The Richards’ function, or also known as generalized logistic function, is an extension 
of the logistic function, allowing for more flexible S-shaped curves. 
Its formula is: 
l! = C + m − C1 + nE/o/p(/q 
Where: 
• Y is weight, height, size, etc. 
• t is time 
• A is the lower asymptote 
• K is the upper asymptote. If A=0 then K is called the carrying capacity. K-A=C 
• B is the growth rate 
• T ˃ 0 affects near which asymptote maximum growth occurs 
• Q depends on the value Y(0) 
• M is the time of maximum growth if Q = T 
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When T=0, the model approximates an exponential growth function. When T=0.67, the 
model behaves like the von Bertalanffy. When v approaches 1, the model behaves like 
the Gompertz. When T=2, the model behaves like the Logistic model.  In this later case, 
we may assume (Banks 1994; Sharif & Ramanathan 1981): 
1. The population of potential adopters is limited (N) and remains constant with time; 
2. All members of the population eventually adopt; 
4. All adopters are imitators and adopt only after seeing another using the innovation; 
5. The adoption rate is dependent only on the number who have adopted but also on the 
proportion of the maximum number of adopters that is still unrealized; 
6. The probability of one pair of individuals meeting is the same that of any other pair 
meeting. 
 
 
8.6. Fitting the the explanatory model to archaeological data 
 
Predicting the number of archaeological artifacts at a specific moment of time is a 
fundamental concern in the study of the adoption of new tools, technologies and 
behaviors in ancient times. According to what we have considered in previous sections, 
one model often used to make such predictions is a geometric growth model which 
assumes that a population of artifacts grows by the same percentage every year. This is 
the classical frequency model by Ford (1962) and Bordes (1967). This is unrealistic in 
the long run because geometric growth models ignore issues such as function and 
production costs that limit the number of artifacts at each moment.  
We prefer to work with probabilities instead of frequencies. We are not considering the 
growth in the quantity of objects, but the growth of the probability that those objects 
were in used, assuming that the more objects were in used, the higher the probability. 
Because no population grows without bounds, we have defined a maximum not in 
reference to a carrying capacity, but on the basis of the proportion of adopters. If 
everyone is using/producing the artifact or practicing the ritual, then the probability is 1. 
Using summed probabilities for a specific calendar year, we are modeling the possible 
growth of different populations of tools, sites or burials considering the sequence Nt, 
where Nt is a period of validity (Barceló 2008b), defined statistically as the period of 
time that fulfills the condition that there is a calculable nonzero probability, and at any 
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time interval included therein it contains at least one of the true dates. For the 
calculation of Nt, we must bear in mind that OxCal has summed different probability 
distributions: the more archaeologically dated samples have the same chronological 
interval, the higher the probability (Nt) of that particular calendar year. In this way, ours 
appears to be a binomial model including, in addition to the adopters and non-adopters, 
uncommitted members and members with varying degrees of receptivity to the 
innovation (Sharif & Ramanathan 1981). 
In our case we cannot assume that the potential adopter population is fixed and does not 
change with time. On the other hand, we assume that this population was exposed to 
some changes and innovations continuously over time and that the members of the 
population made binary decisions either to adopt or not to adopt the innovations. 
In the light of such assumption we have decided to analyze mathematically the adoption 
of some variables included in the chapter 8.3 and 8.4. We have chosen all those 
variables, whose SCPDs showed a positive trend in the time span 1800-800 BC, like 
cremation burials, fluted pottery and metal knives. For all these variables we have been 
able to detect an increase in their adoption on a macro scale. In addition, we have tested 
mathematically the possibility of a growth in the adoption of vases with handles with 
vertical expansion. 
To tackle this issue we have curve fitted our modeled data obtained through SCPDs 
plots (Fig. 108). For this aim we have adopted generalized logistic curve (Richard’s 
curve). Then we have analyzed the produced coefficients and parameter statistics in 
order to ensure the reliability of the process and to infer its causes (Fig. 109). 
Among the obtained values we have to focus on the R-squared, also called coefficient of 
determination, which indicates how well data points fit the statistical model, in our case 
the generalized logistic curve. The possible values range from 0 to 1. We have obtained 
high values, above 0.89 for cremation burials, fluted pottery and metal knives. It means 
that the adoption of the three variables can be well explained by the generalized logistic 
curve. On the contrary, for vases with handles with vertical expansion the obtained 
value is 0.42, which proves that the model does not fit the data. In fact, the adoption of 
such a pottery typology is not characterized by a positive trend in the whole time-span 
1800-800 BC as it has been evidenced also in the related SCPD and histograms (Fig. 86, 
87 and 88). It follows that the Richard’s function cannot be used to describe on a macro 
spatial and temporal scale the process of adoption of handles with vertical expansion. 
It is relevant to observe that the results suggest different ratios of adoption among the 
 three phenomena which fit the Richards’ curve for the time span 1800
adoption of cremation burials, fluted pottery and metal knives.
 
Fig. 108 – Generalized logistic distribution fitted to SCPDs data of: cremation burials (A), fluted pottery 
(B), metal knives (C), vases with handles with vertical expansion (D). The green dots represent the 
SCPDs, the black line the fitted curve and the dashed blue
 
For cremation burials we can detect a slow rate of adoption in the early phases, when 
the role of innovators is predominant (Fig. 
characterized by an exponential growth at least till 800 BC. It follows that the 
innovation spread fast starting from 1200/1100 BC. Historically, the increase in the rate 
of adoption can be an effect of the decrease in the number of inhumation burials starting 
from 1300/1200 BC, that we observed in the related SCPD 
For fluted pottery we can distinguish a slight different generalized logistic curve (Fig. 
108B). The obtained results show that the adoption of such a variable is defined by a 
fast rate from the early phases, with a rapid linear increase in the number of adopters. 
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108A). Then the phenomenon is 
(Fig. 73). 
800 BC, i.e. the 
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Such a growth seems to stop and to reach the condensation/saturation step in the last 
range of the time span, between 950 and 800 BC. Therefore, apparently this period 
corresponds to late phases of the adoption process. Regarding the differences between 
the adoption of cremation burials and the adoption of fluted pottery, already suggested 
in the SCPDs, the generalized logistic curve fitted to our data strengthen the hypothesis 
of separated phenomena, with a much faster growth in the adoption of the new pottery 
decoration compared to that one of cremation rite. 
Similarities with the process of adoption of fluted pottery can be traced in the temporal 
diffusion of metal knives between 1800 and 800 BC. The phenomenon is characterized 
by a rapid growth since the first phases with a linear increase in the majority of its 
process, at least till 1200/1100 BC when the process seems to reach the condensation 
step (Fig. 108C). It means that between 1200/1100 and 800 BC the rate of penetration 
into the different places tends to become more homogeneous and the trajectory of the 
rate of adoption begins to level off, as fewer and fewer individuals remain who have not 
yet adopted the innovation. 
In cases of fluted pottery and metal knives obtained curves seem to display a single 
alternative shape, which Henrich (2001) calls an R-curve. In fact, R-curves lack the 
slow growth during the initial portion of the spread, which characterizes S-curves. R-
curves begin at their maximum rate of growth (at t = 0) and then slowly taper off toward 
equilibrium.  
Completely different seems to be the process of adoption of vases with vertical 
expansion (Fig. 108D). We can clearly recognize that such a phenomenon does not 
correspond to a unique homogeneous growth in the whole time span 1800-800BC. In 
fact, as we have already observed in the relating SCPD and the histograms of dates 
(chapter 8.4.2) the initial increase in the number of adopters of the new pottery typology 
is followed by a decrease in the temporal diffusion of such a variable. For this reason 
the generalized logistic curve is not suitable to describe such a phenomenon on a macro 
temporal and spatial scale. 
The obtained results underline the main problem in the application of S-curves to the 
study of growing processes, which relates to its smooth and regular profile. In fact, 
compared to fieldwork data, logistic law rather appears as a mathematically ideality; it 
does not take into account the variability which can characterize phenomena of growth, 
diffusion and adoption of innovation. These phenomena never exhibit a so smooth and 
regular profile; on the contrary they are frequently defined by angled curves which 
 directly correlated to the numb
the more angled the curve (Raynaud 2010).
As Raynaud (2010) argued the gap between the model and the real world lies in the 
assumption that societies are “well
innovation to a random draw.
Fig. 109 – Table with the coefficients and fit statistics obtained from the generalized logistic distributions 
fitted to SCPDs data of cremation burials, fluted pottery, metal knives and vases with handles with 
8.7 Testing the reliability of the growth in the estimated probability of 
archaeological events across time
 
In archaeology, temporal frequency distributions are most commonly presented as 
summed calibrated probability distributions of
histograms/frequency polygons of sites of calibrated or uncalibrated 
chapter  4.3.2 and 4.4). The resulting composite probability distribution is obtained by 
superposition of individual 
calibration. For a SPCD, the height is expressed as intensity. Fluctuating intensities, 
which usually occur on time scales of centuries, enable the inference of changes of the 
investigated phenomenon. Ma
frequency distribution modulated by the uncertainty on the calibrated date of the 
sample. This means that the technique attempts to provide a view of the spread of the 
actual calendar dates of the dated 
together with uncertainty caused by the statistical spread of the radiocarbon dates, “we 
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thematically what this approach does is to provide a 
material in a phase, although, as this view is folded 
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are looking at it through blurred spectacles” (Bayliss et al. 2007). The “Sum” function 
in the OxCal software equates to an “OR” logical operator, which strictly means in the 
case of two radiocarbon ages that either one OR the other distribution might apply to the 
event in question. As Chiverrell et al. (2011) argued if this type of logical operation is 
applied to different events, then that distribution is folded together along with the 
uncertainty in those events and can give a misleading impression (Bronk Ramsey 2008). 
A simple and linear cumulative frequency analysis of summed probabilities would 
assume that the number of social agents having adopted the innovation (or having 
culturally changed) is added from one time interval to the next. This can be a right 
assumption in modern market analysis, because the time-span is quite short (less than 
the life of a single person), and the agent retains the use of the innovation all along the 
studied period. This is clearly not the case in archaeology.  We cannot add in the period 
850-750 BC, archaeological contexts that had adopted the innovation in the period 
1250-1150 BC, because of those people are dead when we arrive at the end of the 
studied period! Even more, we usually have evidence of a community having adopted 
an innovation at a particular moment, but we do not know whether the settlement was 
abandoned or not at the next moment. 
The way of quantifying the rate of adoption of innovations or cultural change is 
different in archaeology than in other disciplines, dealing with shorter periods of time. 
Under most archaeological conditions, a positive curvilinear frequency distribution is 
expected to be produced by the ratio of site abandonment and taphonomic bias, 
although specific those rates will likely vary by time period, region, and material. 
Because positive nonlinear distributions are an expected outcome of the operation of a 
constant taphonomic process on the archaeological record, perhaps curvilinear functions 
(e.g., exponential, power, logarithmic, etc.) should be used as statistical null models 
when first attempting to detect if a demographic signal can even be identified over long 
time scales.  
We suggest a non linear regression between the proportion of archaeological contexts of 
a particular kind and time can give us a preliminary intuition of the frequency of 
adoptions of innovations per time unit and the ratio of cultural change. In statistics, 
nonlinear regression is a form of regression analysis in which observational data are 
modeled by a function which is a nonlinear combination of the model parameters and 
depends on one or more independent variables. Standard regression models assume that 
those regressors have been measured exactly, or observed without error; as such, those 
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models account only for errors in the dependent variables, or responses. Theoretically, 
the data should consist of error-free independent variables (time, in our case), x, and 
their associated observed dependent variables (the proportion of adopters/potential 
adopters at each time interval), y. If this is the case, then each y can be modeled as a 
random variable with a mean given by a nonlinear function f(x,β). 
However, in our case systematic error may be present in the assignment of an 
archaeological context to a time interval of fixed length because of the irregularity of 
the radiocarbon confidence interval after calibration. Errors-in-variables models or 
measurement errors models are regression models that account for measurement errors 
in the independent variables. In the case when some regressors have been measured 
with errors, estimation based on the standard assumption leads to inconsistent estimates, 
meaning that the parameter estimates do not tend to the true values even in very large 
samples. In non-linear models the direction of the bias is likely to be more complicated 
(Chesher 1991; Fuller 1987). 
Michczyńska et al. (2007) stressed that when dates obtained from a larger territory are 
considered, and PDFs are constructed by adding up particular distributions, the 
influence of local effects can be eliminated, and information on changes derived from 
regional or global stimuli are highlighted. Even in the case the value of the summed 
radiocarbon probability density be plausible in terms of the frequency of archaeological 
events per time unit , we must decide how the statistical uncertainty inherent in each 
radiocarbon measurement affects the shape of the resulting curve, and hence the 
reliability of the estimate. It is important to take into account that statistical uncertainty 
is not a symmetrically distributed, and it is not independent for each measured sample. 
Therefore, as frequently mentioned we have the risk that the shape of the SCPD be 
determined by the calibration curve (Michczynska & Pazdur 2004; Chiverrell et al. 
2011; Williams 2012; Bleicher 2013). 
However, fluctuating intensities can have several other causes, which hamper the 
interpretation of 14C histograms. These include (Stolk et al. 1994): 
1. Overrepresentation of certain periods or areas due to preferential sampling 
(Geyh 1980). This can be avoided by a careful sampling program and a critical 
selection of radiocarbon ages. 
2. An insufficient number of 14C ages. When the data set used in 14C histogram 
analysis is considered to be a random population, a minimum of 40 14C ages per 
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1000 14C yr is needed to meet statistical requirements (Geyh 1980; Shennan 
1987; Stolk et al. 1989). 
3. Non-linearity of the 14C time scale in terms of calendar years, notably the effect 
of medium-term atmospheric 14C variations (wiggles) (Geyh 1971; de Jong & 
Mook 1981). 
 
We suggest ranking the calendar years according to their probabilities; it is easy to see 
that the shape of the resulting probability density function varies according to the 
different time-spans explored. We have already discussed the source of such a bias. The 
first one may be due to the choice of a point estimate conditioned by the shape of the 
calibration curve after the process of calibrating. To minimize this potential source of 
bias we have adopted the approach suggested by Telford et al. (2004) the median value 
of the calibrated interval. The second one, noticed by Surovell and Brantingham (2007), 
concerns the amount of “noise” that is a function of a small sample size and the choice 
of interval width. 
Before using a histogram or a frequency polygon to measure the rate of adoption across 
time, three conditions should be checked independently: 
• Given different time intervals of equal duration or spatial areas of equal spatial 
extension, the proportion of dated contexts/total number of archaeological 
observations should be approximately constant. 
• The longer the historical period we have to study, the higher the quantity of 
dated contexts we need. 
• The dating of a context has been obtained independently of the fact that there are 
previous dates for contemporary contexts. 
  
243 
 
9 THE ADOPTION OF “INNOVATIONS” IN WESTERN 
EUROPE DURING BRONZE AGE. THE PROBABILITIES 
OF SPATIALLY DEPENDENT DIFFUSION PROCESSES. 
 
 
9.1 Characterizing expansive phenomena in historical research 
 
Expansive phenomena in historical research have been traditionally related with the 
movement of people through space: invasions, migrations, colonizations, and conquests 
what gives us the appearance of an expanding population of men and women moving 
through space (and time). In recent times, however, expansive phenomena in historical 
research are not limited to the assumption of population movement but imply the 
movements of goods and/or ideas. According to Schumpeter (1934), to innovate is to 
introduce something new by propagating it in an environment, and generating 
irreversibilities in the evolution of this environment. In cultural anthropology and 
cultural geography, cultural diffusion, as first conceptualized by Alfred L. Kroeber in 
his influential 1940 paper Stimulus Diffusion (Kroeber 1940), or trans-cultural diffusion 
in later reformulations, is the spread of cultural items - such as ideas, styles, religions, 
technologies, languages etc. - between individuals, whether within a single culture or 
from one culture to another. It is distinct from the diffusion of innovations within a 
single culture. Inter-cultural diffusion can happen in many ways. Migrating populations 
will carry their culture with them. Ideas can be carried by trans-cultural visitors, such as 
merchants, explorers, soldiers, diplomats, slaves, and hired artisans. Technology 
diffusion has often occurred by one society luring skilled scientists or workers by 
payments or other inducement. Trans-cultural marriages between two neighboring or 
interspersed cultures have also contributed. Among literate societies, diffusion can 
happen through letters or books (and, in modern times, through other media as well). 
In all such cases, the more complex the diffused innovation, the more influence its 
diffusion process will have on transformation of its propagation environment, as effects 
induced by its adoption will be all the more increased. Here what expands may be 
people, but also the number of goods or ideas through cultural transmission or 
information diffusion. As soon as time passes, farthest places begin to use previously 
unknown goods or ideas, increasing the distance between the place where the good or 
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idea appeared for the first time, and the place where it is used anew. 
The notion of spatial diffusion thorough time covers all processes that contribute to 
moves and to backlash effects generated in this space and that time by those 
movements.  Therefore, the expansive nature of the historical phenomenon should be 
analyzed as an increase in the spatial distance between social agents resulting from 
some transformation in social ties (social fission), or a growth in the absolute number of 
agents. Contraction would be the reverse process; for instance, a decrease in distance 
between social agents as a result of an increase in social ties (social aggregation, social 
fusion).  It brings about the intrinsic dynamic nature of the phenomenon, which refers to 
the idea of spatial change in a determined period of time. 
Many attempts have been made to model the diffusion dynamics of expansive 
phenomena in particular by geographers, epidemiologists, demographists and botanists, 
but also by archaeologists and historians. Early results were obtained using diffusion or 
difference equation models (reviewed in Okubo & Levin 2001). A variety of other 
classes of models have subsequently been studied (e.g. individual-based models), 
showing that rates of expansion can be either linear or accelerating and that movement 
thorough space and time can be smooth or patchy depending on assumptions about 
individual movements, demography, adaptation and environmental structure (reviewed 
in Hasting et al. 2005). Our objective should be then to analyze where, when and why 
the chronology of the first occurrence of an event “varies from one location to another”. 
In other words:  
• how the spatial distribution of the values of some property depends (or “has an 
influence”) over the spatial distribution of other(s) value(s) or properties,  
• how the temporal displacement of the values of some property depends (or “has 
an influence”) over the spatial distribution of other(s) value(s) or properties, 
• how the temporal displacement of the values of some property depends (or “has 
an influence”) over the temporal displacement of other(s) value(s) or properties, 
• how the spatial distribution of the values of some property depends (or “has an 
influence”) over the temporal displacement of other(s) value(s) or properties. 
 
In this work, we refer to expansive phenomena as dynamical systems such that every 
location at some well specified underlying space has a distinctive behavior through 
time. As already stressed in the introduction of this thesis our definition comes from the 
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mathematical concept of expansivity, which formalizes the idea of points moving away 
from one-another under the action of an iterated function. 
The intrinsic dynamic nature of an expansive phenomenon refers to the idea of spatial 
change in a determined period of time. According to working domain, one can consider 
the following dynamic aspects of expansive phenomena: 
• Geometrical changes of features over time (such as military expansions and political 
frontiers emergence). 
• Positional changes of features over time (such as people migration). 
• Change of features attribute over time (such as quantity of exchanged goods between 
connected areas in an Exchange network). 
• Any combination of the above changes. 
Expansive phenomena can be understood as the evidence of the increase of distance 
between spatial locations with time. Here we define distance as the difference between 
the values of any property at two (or more) spatio-temporal locations (Gattrell 1983). In 
our case, an expansion makes reference to objects corresponding to locations on the 
surface of the Earth (at least conceptually) with defined shortest path relations between 
all pairings. These are the minimum-cost routes for physical movement or virtual 
interaction between objects, where cost is interpreted generally. The shortest-path 
relations determine the measurement and analysis of geographic attributes. There are an 
infinite number of shortest-path relations that obey the metrics pace conditions of 
symmetry, non-negativity, and triangular inequality. The goal of analysis would be then 
to determine a meaningful relationship between difference-in-values (variance in the 
quality of social action) and difference-in-location (variance in spatiotemporal changes). 
This relationship, if it exists, is essentially a measure of how difference in value 
changed through time and space. Intuitively we expect any such relationship to show 
that variance increased as distance increased. In other words, we expect that in an 
expansive phenomenon, events spatially and temporally close together to have relatively 
small differences, and those further apart to have relatively large differences. 
“Everything will be related to everything else, but near things will more related than 
distant things” (Tobler’s law). At greater distances, both in time and in space, as the 
sample become independent of each other, we expect the variance of the samples to 
oscillate about some constant value.  
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When relating the nature of expansive phenomena to Tobler’s Law we make emphasis 
on the idea that over-coming space requires expenditure of energy and re-sources, 
something that nature and humans try to minimize (although not exclusively, of course). 
(Miller 2004). Spatio-temporal association does not necessarily imply causality, 
whereas expansivity really implies causality. Two things that are spatio-temporally 
associated may be involved in an expansive phenomenon, or there may be other hidden 
variables that cause the change through space and time. Although correlation is not 
causality, it provides evidence of causality that can (and should) be assessed in light of 
theory and/ or other evidence. Similar to spatial autocorrelation, spatio-temporal 
heterogeneity is not just a parameter drift to be corrected: it is information bearing since 
it reveals both the intensity and pattern of change. 
A stricter evidence for expansive phenomena is interaction in space and time, or the 
movement of individuals, material, or information between two geographic locations at 
the same time. Spatio-temporal interaction is closely related to spatial autocorrelation: 
spatial interaction models are special cases of a general model of spatial autocorrelation. 
Similar to spatial autocorrelation, advanced techniques for spatio-temporal interaction 
and location choice modeling should recognize spatio-temporal heterogeneity. These 
effects result from individuals simplifying spatio-temporal choice problems by 
clustering or lumping choices together, often based on proximity in space and time. 
When a social system expands through time, we can foreseen a certain degree of 
dependence between locations, and this dependence, is exactly what gives an 
appearance of unity to the process. When studying the expansion, what we are looking 
for are the causes of how the local value of some property has changed from state 01 to 
state 02 at two different points P1 and P2, and at two different moments of time T1 and 
T2. That means that “expansions” can only be understood in functional terms, that is, 
according to what changed at each place and at each moment. The change in value is 
also tightly linked with the change in time and in space. Without change in time it is 
impossible to imagine qualitative changes, it is an independent variable of the said 
interaction. There is space only, when the observer does not consider time, that is 
“dynamics”. And we can speak of time as a generalization of changes and modifications 
in place. A pattern existing at one moment of time is the result of the operation of 
processes that have differential spatial impacts. The key aspect is here the “location of 
quality changes”. 
Consequently, when analyzing expansive phenomena we should take into account three 
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supplementary basic spatio-temporal processes: 
• A set of active entities produces a set of new entities (appearing passive entities) 
while consuming another set of components entities (disappearing passive 
entities). The production process is necessary to carry the systemic association 
between all involved entities and relate their simultaneous appearance and 
disappearance to the action of producers. 
 
• A first set of entities creates a new set of entities of the same type. Such 
reproduction process is used to link parents and children even if the detailed 
mechanisms of life transmission remain unknown. 
 
• The transmission process occurs when a set of receiver entities (passive) has its 
attributes modified by some contact with a set of transmitter entities (active). 
This kind of relationships has obvious applications in epidemiology and 
communication or may as well be used to model transmission of forces between 
moving balls over a billiard table. 
 
Expansive phenomena in the social sciences can be described by combining this 
minimal set of general low-level evolution mechanisms (basic spatio-temporal 
processes) to define sequences, conjunctions, disjunctions or cycles of events 
(Claramunt et al. 1997). 
Expansive phenomena can be classified into two groups that represent the 
characteristics of the spatial diffusion: spatially dependent and non-spatially dependent 
diffusion. In this chapter we are going to analyze the first one. 
In the spatially dependent diffusion processes, it is assumed that the expansion is 
spatially continuous from one or several sources. Hence the notion of contagious 
expansion diffusion: where the expanding phenomenon has a source and diffuses 
outwards into new contiguous areas (Fig. 110). 
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Fig. 110 –Spatio-temporal pattern of contagious expansion diffusion at successive moments of time. 
In this framework it is possible a phenomenon of relocation diffusion, which implies 
that previous locations of items are replaced by new locations across time (Fig. 111).  It 
is the case when the diffused element moves into new areas like migration. It could be 
interpreted as a movement or a travel in space.  
 
Fig. 111- Spatio-temporal pattern of contagious relocation diffusion at successive moments of time.     
The feature is moving throughout space. 
In those cases, “space” is an active factor of the expansive phenomenon and not a 
passive container of movements. Its role can be simulated (Fig. 112):  
• As an isotropic plane surface: space is simply considered as a homogeneous 
surface with thematic property distribution only ruled by Euclidian geometry 
(linear plane distance influencing accessibility, proximity and dependency). 
• As an isotropic skewed surface: space is considered as a heterogeneous surface 
with each location influencing differently the distribution of thematic properties 
as well as the proximity and the accessibility. Space is modeled as a skewed 
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surface expressing an individual “isotropic friction rate” at each location. 
Distance is therefore no longer linear but symmetrical. 
• As an anisotropic skewed surface: space is considered as a heterogeneous 
surface but with an individual “anisotropic friction rate” at each location. 
Distance is therefore no longer linear nor symmetrical. 
 
Fig. 112 – Three major levels of a model of space: isotropic plane surface (A), isotropic skewed surface 
(B) and anisotropic skewed surface (C). 
To fully characterize spatially dependent diffusion processes, one should introduce a 
concept that characterizes the specific influence of locations in the diffusion process. In 
reality, space is analyzed as an environment with heterogeneous properties with respect 
to movement. Each place retains or favors a variable rate of movement with moving 
features.  The concept of friction encompasses the overall specific properties of each 
location that influence the speed and the intensity of the diffusion process. Friction is 
considered as a barrier to the expansion process. Obviously, at each location and for 
each moment during the diffusion process, the permeability level of a barrier can vary: 
• Absorbing barriers completely block a pulse of change or movement. 
• Reflecting barriers will redirect the energy of diffusion toward different 
directions, such as a water body, for the expansion of a city.  
• Permeable barriers absorb part of the energy but allow the rest to go through. Its 
effects will slow down the process in its local area of influence.  
Local factors that usually act as barriers to the diffusion process may be of three types:  
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• Physical barriers that block or slow down the diffusion. They are physical 
properties of space such as the topography or the land cover. In this case we talk 
of the so called frictions of space, which refers to specific properties at any 
location in space whose effect can either slow down a movement or also 
increase the speed. In fact in Protohistoric Europe some physical barriers, like 
for instance rivers were not barriers but, on the contrary, they were frequently 
responsible for an increase in the rate of expansion. 
• Cultural barriers can influence the diffusion of an innovation that spreads from 
individual acceptance. Linguistic, religious and political factors are typical 
cultural barriers to diffusion.  
• Psychological barriers can be important for innovations involving individual 
acceptance in the process of diffusion. In this situation, individuals act as 
carriers in the diffusion process. 
 
The starting point of our research, whose results are presented in this chapter, is a data 
structure consisting of a set of locations (s1, s2, etc.) in a defined ‘study region’, From 
the Ebro to the Danube Rivers, where a distinctive event (adoption of innovation) 
occurred at different moments of time. The purpose is to model the spatial trend linking 
differences in time for the adoption of the cremation burials, vases with handles with 
vertical expansion and fluted pottery. The theory about expansive phenomena over an 
isotropic space is exteded (Ammerman & Cavalli-Sforza 1984; Cavalli-Sforza et al. 
2002; Gkiasta et al. 2003; Fort et al. 2004; Russell 2004; Pinhasi et al. 2005; 
Dolukhanovet al. 2005; Bocquet-Appel et al. 2009; Isern et al. 2012; Isern et al. 2014). 
The most widespread model adopted in order to model expansive phenomena is the so 
called “wave of advance model” which assumed a logistic population growth and a 
random migratory movement to describe people movement over space and across time. 
The two assumptions are included in the Fisher model (Fisher 1937), which was first 
created for describing the diffusion of some advantageous genes. The result was the 
developing of the already mentioned reaction-diffusion equation: 
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Through the introduction of a time-delayed model such an equation has been recently 
improved for the description of expansive phenomena which took place in sedentary 
societies (Fort & Méndez 1999; Isern et al. 2012; Isern et al. 2014), see chapter 1.2. The 
introduction of a time-delayed reaction-diffusion equation implied a slower front speed 
in the wave of advance, due to the effects of the time delay. 
The basic assumption for the identification of expansive phenomena is represented by 
the detection of a gradient of a scalar field. We use scalar fields to represent a geometric 
structure in which a scalar value is a single component that can assume one of a range 
of values. Therefore, a scalar field is a name we give to a function which takes in points 
in a two or three dimensional space (R2 or R3) and outputs real numbers. The gradient 
represents the rate of change of a function, which can be mathematically expressed by 
the derivative of a function of a real variable. It follows two major rules: 
• Points in the direction of greatest increase 
• Assumes 0 value at a local maximum or local minimum, due to the absence of 
increase 
In our research we deal with space-time gradient. Identifying a variation in space, 
defined by geographic coordinates x, y and in time, measured by medians of calibrated 
14C dates for the adoption of cremation burials, pottery with handles with vertical 
expansion and fluted pottery allow to infer the existence of an expansive phenomenon 
for the analyzed variable. The gradient at any location points in the direction of greatest 
increase of a function, which, in our case, measures the temporal variability defined by 
radiocarbon estimates. Therefore, the gradient tells us which direction we need to move 
moved to reach a location where the variable (cremation burials, handles with vertical 
expansion and fluted pottery) appears with a more recent chronology. It is meaningful 
to highlight that the gradient does not give information about the geographic 
coordinates of the movement; it gives us the direction to move to find contexts where 
the adoption of innovation phenomenon took place later. 
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9.2 Modeling the first occurrence of cremation burials between 1800 
and 800 BC in Protohistoric Europe 
 
The purpose of this paragraph is to model the spatial trend linking differences in time 
for the adoption of the new burial practice of cremation during the Bronze Age. If such 
a function can be calculated, then by using observations of archaeological chronologies 
made at some locations, we will estimate the chronology of archaeological evidence at 
neighbor locations and the probabilities that a the new burial practice was adopted at 
some place at a specific time. 
For a better comprehension of the phenomenon analyzed data originates from the 
EUBAR database and includes also 14C-dated cremation burials from neighboring 
territories of Central Spain, Central France, Belgium, Central Germany and Czech 
Republic (Fig. 119). 
Our preliminary results show that the first occurrence of a cremation burial is spatially 
auto-correlated because estimated chronologies at a distinct location are associated with 
the chronology of the same phenomenon at neighboring points. Dividing the 
hypothetical 2,354 km between the extremes of our study area into 20 intervals (117.7 
km each), Moran's I index has positive values for neighboring cemeteries, and in most 
cases, negative values when distance increase. That means that chronology is spatially 
dependent at lower distances, and in some cases, at higher distances, such dependency is 
not easily detectable. The adoption of the new funerary ritual was then clearly not 
stationary because the intensity of chronological differences appears to be non-constant 
over the considered geographic space. Although more analyses are needed, we suggest 
that second-order intensity seems to be dependent on the vector difference, d (direction 
and distance), between spatial locations and not on their absolute locations, what makes 
reference to minimum-cost routes for physical movement or virtual interaction between 
social agents, where cost is interpreted generally. The expansion pattern is then much 
more complex than expected under a basic demic diffusion hypothesis. 
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Fig. 113 – Spatial Autocorrelation results (Morans’I). Calculated using the GS+program 
(Gamma Design, Inc. http://www.gammadesign.com/). 
 
In archaeology, it is usual to compute linear regression analysis between chronological 
estimates to describe the spatial directionality of the expansive process. A site is 
designated as the origin and its distance from each of the other sites computed; 
thereafter, the correlation between the distances and the ages of the other sites is 
measured. This procedure is repeated until all the sites have served as the origin. The 
final step of the method involves comparing the correlation coefficients. The site that 
yields the highest negative correlation coefficient when it is designated the origin is 
deemed to be the most likely center of origin (cf. for instance, Ammerman & Cavalli- 
Sforza 1984; Pinhasi et al. 2005; Hamilton & Buchanan 2007; Steele 2010; Buchanan et 
al. 2011; Collard et al. 2010a). However, our preliminary results show that the social 
space of Late Bronze Age was hardly uniform and boundless, because every spatial 
location had some degree of uniqueness relative to the other locations. This affects the 
spatial dependency relations and therefore the spatial process. Spatial heterogeneity 
means that overall parameters estimated for the entire system may not adequately 
describe the process at any given location. It is important to take into account that part 
of this irregularity and spatial heterogeneity is not a characteristic of the historical 
expansive phenomenon but to possible errors selecting the proper radiocarbon date for 
the “oldest” cremation burial in an area. 
To be able to create an interpolated map of chronological estimates taking into account 
the non-stationarity and irregularity of the phenomenon under study we have calculated 
the semivariance of the adoption of the new burial practice of cremation from Danube to 
the Ebro valleys. We have used a kriging algorithm, without any edge interpolation to 
predict the value of the chronology across space according to a spatial lag relationship 
254 
 
that has both systematic and random components. Kriging is based on the idea that the 
value at an unknown point should be the average of the known values at its neighbors; 
weighted by the neighbors' distance to the unknown point (Cressie 1993; Stein 1999; de 
Smith al. 2009; Mitchell 2009). 
An important feature of kriging-based interpolation methods is that they rely on the 
semivariance among data. Semivariance is a property of a spatial distribution of values 
expressing the degree of relationship between locations. The semivariance is simply half 
the variance of the differences between all possible points spaced a constant distance 
apart. The semivariance at a distance d=0 will be zero, because there are no 
chronological differences between spatial locations that are compared with themselves. 
However, as cemeteries are compared with increasingly distant points, the semivariance 
of their chronology increases. At some distance, called the Range, the semivariance will 
become approximately equal to the variance of the whole spatial distribution itself. This 
is the greatest distance over which the chronology of a cremation burial is related to the 
chronology at another burial more distant. The range defines the maximum 
neighborhood over which control points should be selected to estimate a grid node, to 
take advantage of the statistical correlation among the observations. A plot of 
semivariances versus distances between ordered data in a graph is known as a 
semivariogram (Fig. 114). A variogram is usually characterized by three measures. The 
nugget refers to the variability in the field data that cannot be explained by distance 
between the observations. 
 
 
Fig. 114 - Second-order representation of radiocarbon dates for the Second Millennium first occurrence of 
cremation (Semivariogram). Calculated using the GS+program 
(Gamma Design, Inc. http://www.gammadesign.com/). 
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Many factors influence the magnitude of the nugget including imprecision in sampling 
techniques and underlying variability of the attribute that is being measured. In addition, 
the minimum spacing between observations can influence the nugget because if there 
are no observations located close to each other, it is impossible to estimate “close-
range” spatial dependence. The sill refers to the maximum observed variability in the 
data. In theory, the sill corresponds to the variance of the data as normally estimated in 
statistics. The distance where the model first flattens out is known as the range; it is just 
the difference between the sill and the nugget, and represents the amount of observed 
variation that can be explained by distance between observations. Sample locations 
separated by distances closer than the range are spatially autocorrelated, whereas 
locations farther apart than the range are not. Our data show a small nugget and a large 
sill; the nugget effect disappears after lag 5, that means, an average distance of 885 km 
between cemeteries. Chronologies have much spatial dependence within such an area. 
Where spatial autocorrelation is present, semivariance is lower at smaller separation 
distances (autocorrelation is greater). This typically yields a curve like the one in Fig. 
114. 
We have interpolated the chronology at unknown spatial locations based on what we 
know from some locations (the list of georeferenced 57 radiocarbon estimates, Fig. 
119), and the way they are related according to the previous semivariance (Fig. 114). 
 
Fig. 115 - Visualizing spatial and temporal variations in the first occurrence of 2nd millennium cremation 
(medians of the calibrated radiocarbon dates). (Software: ESRI 2011. ArcGIS Desktop: Release 10. 
Redlands, CA: Environmental Systems Research Institute). The numbers correspond to the ID numbers of 
the dataset at Fig. 119. Contours represent differences of 50 years. 
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We may infer the “expansive” nature of the historical phenomenon because a regular 
trend in the spatial probabilities of the first occurrence of cremation burials can be 
detected. The model allows identifying at what spatial locations a change in the 
estimated temporality of the archaeological event leads to a change in the probability of 
its causing action or process. 
The obtained results suggest an expansion to explain the adoption of cremation burial 
practices during the second millennium BC. Radiocarbon estimates interpolation shows 
that oldest cremation burials should be located in the Western Alpine regions between 
Southern Switzerland and North-Western Italy (regions of Piedmont and Aosta Valley). 
In such an area the phenomenon took place around 1400 BC. It is meaningful to 
remember that the archaeological group Rhin-Suisse-France oriental (RSFO) is attested 
in those territories during the LBA. Its role in the spread of cremation burials was 
already suggested in chapter 3.3. From this region the phenomenon would have 
expanded to North, East, South and South-West. Western France, Northeastern Iberian 
Peninsula and Central Italy appear to be areas where the transformation took place 
nearly 500 years later, including also the possible adoption of cremations without urn. 
Regarding the adoption of cremation burial in the North-East of Iberian Peninsula we 
can detect two different patterns. The first one along the Mediterranean façade, where 
oldest cremation burials are placed close to the coast, hence it could indicate a possible 
maritime penetration as already argued by Rovira (Rovira i Port 1991). From this area 
the phenomenon would have expanded to the inner territories along the Ebro Valley. 
The second pattern is located in the Atlantic façade, where the adoption of cremation 
took place slightly later in time. These differences are in agreement with archaeological 
data which refers of an Atlantic Bronze Age culture, where cremation burials were 
mainly attested under cromlech structures and a Catalan Mediterranean facade where 
cremation burials were mainly in urn and characterized by strong influences from the 
Trans-Pyrenean region of Languedoc-Roussillon (see chapters 2.4, 2.5 and 3.3). 
Nevertheless, instead of taking the map shown in Fig. 115 as a reliable “picture” of the 
expansive phenomenon in the 2nd half of the 2nd millennium BC, we should validate it. 
We need to have some idea of how well the model predicts the chronology of the first 
adoption of the new burial practice at unknown locations. For all points, cross-
validation compares the measured and predicted values and plots a scatter plot of 
predicted values versus true values is given (Fig. 116). 
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Fig. 116 - Cross-validating kriging chronological estimates at unknown spatial locations. Calculated using 
the GS+program (Gamma Design, Inc. http://www.gammadesign.com/). 
 
Each point on the cross-validation graph represents a location in the input data set for 
which an actual and estimated value are available. The regression coefficient described 
at the bottom of the graph represents a measure of the goodness of fit for the least-
squares model describing the linear regression equation. A nearly perfect fit has been 
obtained (0.917) and the best-fit line (the solid line in the graph above) coincides with 
the dotted 45° line on the graph. The standard error (SE=0.187, above) refers to the 
standard error of the regression coefficient; the r2 value is the proportion of variation 
explained by the best-fit line (in this case 31.6 %; it is the square of the correlation 
coefficient); and the y-intercept of the best-fit line is also provided. We can conclude 
that the model fits conveniently available data. 
Our statistical results show that the expansive nature of the adoption of a new ritual 
during Late Bronze Age in Western Europe has a distinctive spatial gradient, which is 
characteristic both of demic diffusion and cultural transmission hypotheses. We can lead 
the analysis further by detecting significant chronological changes between neighboring 
cemeteries, suggesting the idea of non-stationarity, heterogeneity, and irregularity in the 
expansion. Hoffman and Richards (1984) have proposed that a good rule of thumb is to 
divide the data array into components at maximal concavities, which mathematically 
speaking, are the local minima of curvature. Formally, such a discontinuity in the spatial 
probabilities of the first occurrence of the studied event is defined as an observable edge 
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in the first derivative of the mathematical function that describes the archaeological 
frequencies over space. This task can be approached by calculating the spatial gradient 
in the data array - that is, the direction of maximum rate of change of the perceived size 
of the dependent values, and a scalar measurement of this rate (Sonka et al. 1994; 
Palmer 1999; de Smith al. 2009). The spatial gradient associated with the first 
occurrence of cremation burial describes the modification of the density and the size of 
archaeologically measured values and so regularity patterns in spatial variation can be 
determined. It is calculated by finding the position of maximum slope in its intensity 
function (a graph of the value of time of first occurrence as a function of space). Thus, 
the intensity profile of spatial frequencies can be graphed as a curve in which the x-axis 
is the spatial dimension and the y-axis corresponds to time. Likewise, the directivity of 
such a probability gradient (or “aspect” of the scalar field) is simply the polar angle 
described by the two orthogonal partial derivatives. 
We have calculated a gradient map showing the estimated direction of chronological 
changes (from locations with high chronologies to nearby locations with low 
chronologies) with arrow lines, which show the apparent nature of expansivity in the 
studied phenomenon (Fig. 117). The approach is based on the calculation of partial 
derivatives (or related functions) between the differences in chronology among 
locations at different distances to estimate “movement.” In this case, it seems well 
attested the existence of some neighborhood effect (or contagious effect): the farthest a 
cremation burial has been discovered from the locations with highest chronologies, the 
lowest the chronology of the first adoption of the new burial practice. Interactions seem 
to be more frequent on nearest neighbors. As such, as time passes, the innovation 
potential gradually diffuses spatially. 
To sum up, to the question “Was the first occurrence of cremation the result of an 
expansive process?” we should stress that our results from the carried analysis seem to 
suggest a positive answer. Was this “expansion” the consequence of demic expansion 
(people movements)? Our results give for the moment no conclusive answer. We 
postulate a statistically significant trend for early Urnfield sites to become younger with 
distance from the oldest ones somewhere in Northwestern Alps. The presence of a clear 
spatial gradient in initial dates of the first adoption of cremation burials in the southern 
part of our study area indicates that the phenomenon can be tentatively explained as an 
expansion. It was, by implication, fast. It is also an implication that the wave speed was 
determined more by unusually high exploratory mobility than by exceptionally rapid 
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reproductive increase (i.e., there was a no evident population growth during the period). 
If we could assume that movement (of people, ideas, and/or goods) was equally likely 
in all directions and served to achieve uniform densities, regardless of local variation, 
we would conclude an average expansion speed of 0.6-1 km/ year (values calculated 
using a standard Fisher-KPP model), what is coherent in similar historical and 
geographical scenarios (Zimmermann et al. 2009). 
 
 
Fig. 117 - Map showing the directivity of the 2nd millennium cremation adoption phenomenon (Software: 
Rockworks 16, Rockware, Inc.). The map contains small arrows at each grid node pointing down the 
gradient, that is, decrease in chronology: from places where cremations were older to places where such 
phenomenon appears to be more recent. 
 
Eventually, we decided to test our model adding information retrieved from 
typologically dated cremation burials. In particular we choose to include data from 
those regions where the presence of radiocarbon dated cremation burials was lacking, 
like Southern France and Northern Italy (Fig. 120). Among the available contexts we 
chose for each region the first occurrence of cremation burials in the 2nd millennium 
BC. As a result we retained for the analysis 12 archaeological sites from Northern Italy 
typologically dated to BM1, BM2, BM3 and BR1 conventional phases; 10 sites from 
Southern France stylistically dated to phase BF1, BF2a and BF3b; and a date from 
South-Eastern Austria referring to a BzD cremation burial. 
Due to the statistical nature of kriging interpolation we need to use a single value in 
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order to represent each known point, therefore we took into account the medians of the 
2σ calibrated probability intervals obtained for each conventional phase through the 
Bayesian modeling with OxCal 4.2, as explained in chapter 6. 
The new interpolated model based both on 14C-dated and typologically dated cremation 
burials for the Bronze Age included finally 80 different contexts (Fig. 118). 
The results confirmed the existence of an expansive phenomenon for the spread of 
cremation burials. The area where the new rite appeared first would be located over a 
wide region including Northern Italy (the Po Valley) and Southern Switzerland. Future 
radiocarbon dates from North Italian funerary contexts where cremation rite is attested 
could strengthen the model, rejecting problems caused by the typological description of 
material culture. 
Regarding Southern France typologically dated cremation burials introduced in the 
model are in good agreement with the east to west space-time diffusion pattern already 
detected in these regions. 
 
 
Fig. 118 - Visualizing spatial and temporal variations in the first occurrence 14C and typologically dated 
cremation burials (medians of the calibrated radiocarbon dates and medians of conventional phases 
obtained from the Bayesian modeling). (Software: ESRI 2011. ArcGIS Desktop: Release 10. Redlands, 
CA: Environmental Systems Research Institute). The numbers correspond to the ID numbers of the 
datasets at Fig. 119 and 120. Contours represent differences of 50 years. 
  
 Fig. 119 – First occurrences of 
Fig. 120 – First occurrences of typologically dated cremation burials in the 2
considered data from Southern France, Northern Italy and Southern Austria.
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14C-dated cremation burials in the 2nd and at the beginning of the 
millennium BC in Europe. 
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9.3 Modeling the first occurrence of vases with handles with vertical 
expansion between 1800 and 800 BC and from the Danube to the Ebro 
River 
 
The introduction of vases with handles with vertical expansion is a clear phenomenon of 
innovation which took place in the 2nd millennium BC. 
In chapter 5.3.2.1  we highlighted that the spatial distribution of such a variable includes 
a wide area which embraces Northern Italy, part of Switzerland, Southern France and 
the North-East of  Iberian Peninsula. In chapter 8.4.2 and 8.6 we detected that on a 
macro scale the temporal probability distribution of such a pottery typology between 
1800 and 800 BC does not follow a logistic growth, which implies that the number of 
adopters did not constantly increase in the analyzed time span. Nevertheless, in spite of 
the absence of a constant growth on a macro scale, adopting a regional perspective we 
were able recognize the existence of differences in time in different territories, as shown 
in the regional SCPDs (Fig. 89). Such result suggested the possibility of an expansive 
process for explaining the diffusion over a large area of such a pottery typology; 
therefore we decided to test such a hypothesis. 
Fig. 85 – 14C-dated contexts included in the EUBAR database and characterized by the presence of vases 
with handles with vertical expansion. The numbers correspond to: Bauma del Serrat del Pont (1),Can Barraca 
(2), Can Roqueta II (3), Carretelà (4), Clará (5), Cova d’en Pau (6), Cova de la Guineu (7), Cova de Punta Farisa (8), 
Dolmen de la Pera d’Ardèvol (9), Genó (10), La Fonollera (11), La Torraza I (12), Masada de Ratón (13), Roques del 
Sarró (14), Tozal de Macarullo (15), Vilot de Montagut (16), Vincamet (17), Aven de la Mort de Lambert (18), 
Cournon d’Auvergne (19), Grotte Murée (20), Llo-Lladre (21), Port-Ariane III (22), Anzola (23), Bric Tana (24), Ca’ 
Manzini (25), Caorle-San Gaetano (26), Castellaro del Vhò (27), Dicomano (28), Frassino I (29), Gradiscje di 
Codroipo (30), Lavagnone (31), Magrè-Tolerait (32), Montale (33), Monte Castellaccio (34), Monte Leoni (35), 
Monte Madarosa (36), Noceto-vasca votiva (37), Santa Rosa di Poviglio-Villaggio Piccolo (38), Solarolo-via Ordiere 
(39), Villaggio di Castellari (40), Padnal de Savognin (41). 
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The first step was to select the first occurrence of the variable in homogenous spatial 
units. Therefore we made a selection among 14C-dated archaeological contexts included 
in the EUBAR database where vases with handle with vertical expansion were 
recovered (Fig. 85). 
From this dataset we retained for the analysis only oldest dates per region that 
originated from sample in a reliable association with the studied feature. 
Then, using this discrete set of known points we interpolated our data using a kriging 
algorithm in order to produce a new map characterized by new data points for areas in 
which our data was lacking (Fig. 121). Additionaly, we have calculated a gradient map 
showing the estimated direction of chronological changes (from locations with high 
chronologies to nearby locations with low chronologies) with arrow lines (Fig. 122). 
The map suggests the apparent nature of expansivity in the studied phenomenon.  
The obtained result allows inferring the “expansive” nature of the adoption of vases 
with handles with vertical expansion. A regular space-time gradient in the probabilities 
of the first occurrence of cremation burials can be detected. Regarding the directivity of 
the phenomenon we cannot detect a unique pattern from the Ebro to the Danube River. 
Interpolated dates suggest that older handles with vertical expansion should be located 
in North-Western Italy, in particular in a region including the Middle Po Valley. This 
result is not surprising since the origin of such a pottery typology has been traditionally 
placed in that area during the so called Polada culture; a material culture whose most 
relevant evidences are attested in Eastern Lombardy, Trentino, Western Veneto and 
neighbor areas during the Early Bronze Age (Peroni 1996; Almagro Gorbea 1997; 
Espejo Blanco 2001-2002; Bietti Sestieri 2010). The same chronology for the adoption 
of this innovation was detected also in neighboring region, as confirmed by the date 
from the sample collected in the site of Padnal de Savognin in Southern Switzerland and 
in the Ligurian coast. As expected our data follows the Tobler’s law. 
From Northern Italy handles with vertical expansion would have diffused both to the 
eastern and western territories. 
Regarding the introduction of vases with handles with vertical expansion in the North-
East of Iberian Peninsula analyzed data shows that oldest contexts are located in inner 
territories between the provinces of Lleida and Huesca, in the so called Segre-Cinca 
area from the names of the main rivers which cross such a region. On the contrary, the 
Catalan coast is characterized by more recent 14C-dated archaeological contexts were 
this pottery typology was recovered. Such a result would suggest that the penetration 
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took place through Trans-Pyrenean movements and not along the Mediterranean coast. 
 
 
Fig. 121 – Visualizing spatial and temporal variations in the first occurrence of contexts characterized by 
the presence of handles with vertical expansion included in the EUBAR database (medians of the 
calibrated radiocarbon dates). (Software: ESRI 2011. ArcGIS Desktop: Release 10. Redlands, CA: 
Environmental Systems Research Institute). Contours represent differences of 50 years. 
 
 
 
 
Fig. 122 - Map showing the directivity of the vases with handles with vertical expansion adoption 
phenomenon (Software: Rockworks 16, Rockware, Inc.). The map contains small arrows at each grid 
node pointing down the gradient, that is, decrease in chronology: from places where this typology was 
adopted first to places where such phenomenon appears to be more recent. 
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9.4 Modeling the first occurrence of fluted pottery between 1800 and 
800 BC and from the Danube to the Ebro River 
 
The latter variable we analyzed in this chapter is fluted pottery. Specifically, we want to 
test the possibility of an expansive phenomenon for the adoption of such a pottery 
decoration, observable through the existence of a space-time gradient in the area under 
study. 
In the previous chapter we highlighted that both the SCPDs and the histograms 
suggested that this variable is characterized by a positive trend in the time span 1800-
800 BC. The constant increase in the number of adopter was confirmed by the 
generalized logistic curve fitted to our data. Furthermore, local SCPDs drew attention to 
the presence of regional differences in the adoption of this pottery decoration. As we 
want to test is differences in time can correspond to differences in space according to a 
homogeneous space-time pattern we decided to test such a hypothesis. 
Therefore, among data included in the EUBAR database we selected reliable 
archaeological contexts where fluted pottery appeared first according to the radiocarbon 
estimates. Hence, we used such data as an evidence for the first occurrence of the 
phenomenon. 
Using a kriging algorithm we interpolated selected 14C-estimates in order to obtain a 
new georeferenced map with values for unknown points. The result shows that in 
certain areas the adoption of fluted pottery took place earlier, for instance in Northern 
Italy, and in other the same pottery decoration is attested with a lower chronology. 
Nevertheless, we cannot recognize a regular and homogeneous space-time gradient 
among neighbor regions that could suggest an expansive phenomenon for describing the 
spread of fluted pottery. In particular we cannot distinguish the west to east pattern, 
from north of the Alps territories toward south-western districts, which has been 
traditionally proposed for the historical introduction of such a decoration in the North-
East of Iberian Peninsula. On the contrary, in Switzerland and surrounding area the 
adoption of fluted pottery took place in a relative recent period, as already marked also 
in the North of the Alps SCPD (chapter 8.4.1, Fig. 84D). 
In the light of such observations, we could not explain through a “wave of advance” 
model the adoption of fluted pottery between the Danube and the Ebro River in the 2nd 
and at the beginning of the 1st millennium BC. 
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Fig. 123 – Visualizing spatial and temporal variations in the first occurrence of contexts characterized by 
the presence of fluted pottery included in the EUBAR database (medians of the calibrated radiocarbon 
dates). (Software: ESRI 2011. ArcGIS Desktop: Release 10. Redlands, CA: Environmental Systems 
Research Institute). Contours represent differences of 50 years. 
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10 CONCLUSION AND FUTURE PERSPECTIVES 
 
 
10.1 The historical problem 
 
The historical problem developed in this thesis makes reference to the increase in 
Cultural Standardization at the end of Bronze Age in Europe, notably from the Alps to 
Northwestern Mediterranean. It is the historical phenomena known as Urnfield culture. 
Many authors have suggested that around 1100 BC Europe was characterized by a 
shared tradition of burial rituals and a coherent religious system. In that scheme, both 
metal and ceramic productions are characterized by a high frequency of interactions 
between regions. It is assumed there was a rapid exchange of people, objects and ideas 
over large distances, which may have influenced in the formation of the cultural and 
linguistic map we know for later periods in history. 
Thanks to palaeolinguist, genetic and archaeological data we have information about the 
spatial distribution of Iron Age Celtic peoples in Europe, but much less is known for the 
phases of formation of such a cultural group which should be located in last phases of 
Bronze Age. This period was explained at the beginning of 20th century in terms of 
successive invasions characterized by an East to West movement in which the leading 
role was held by the Urnfield warrior. 
More popular nowadays are wave of advance explanatory models which may have 
involved or not the substitution of whole populations, as suggested by some genetic 
evidence and palaeolinguistic data. 
Even more popular among modern scholars is the idea of Cultural Transmission, where 
new funerary practices and new pottery typologies can be regarded as adopted 
innovations. We understand culture as the information acquired from one individual to 
another through teaching, imitation, and other forms of social transmission. Therefore, 
Cultural Transmission can also be identified by multiple contacts and interactions 
between groups. 
In order to understand Bronze Age early complex societies we need to focus on 
phenomena of spreading of people, objects and ideas over space and across time. 
Therefore, it has been essential to take into account a one millennium time span. A large 
temporal range allows detecting the beginning, the increase and in some cases also the 
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end of such phenomena. It follows that our interest has been to isolate such historical 
events through the detection of discontinuities, quantified through the results of 
radiocarbon dating. 
 
 
10.2 Archaeological evidence. Radiocarbon data 
 
Indeed, an important matter of this work has been a constant effort dedicated to quantify 
problems and issues that are usually expressed in a qualitative way. The starting point 
has been the quantification of two basic concepts for every kind of space-time analysis, 
i.e. space expressed by geographic coordinates and time represented by the confidence 
intervals of calibrated 14C dates. It follows that dealing with radiocarbon dates has been 
a basic point of this thesis. 
14C dates are a fashionable topic since the latter decades with a constant increase of 
publications and researches. Nevertheless such an increase of knowledge did not always 
correspond to a general improvement neither in the description of archaeological 
contexts associated with the radiocarbon sample nor in the posterior analysis of 
obtained dates. As Bayliss et al. (2007) stressed “a date is just a number - a radiocarbon 
date is just an expensive number”. We could also add that a radiocarbon date is an 
expensive but a useful number. In this thesis we have proved that the amount of 
information we can infer from a radiocarbon dates dataset goes beyond the mere date, 
useful to confirm or to reject previous hypotheses. 
A particular care from the field to the laboratory and specific skills are necessary to 
analyze correctly radiocarbon data. As we are dealing with probability density functions 
the treatment of radiocarbon dates requires statistical and mathematical knowledge. 
Hence, we have focused in particular on this field, showing how different techniques 
can help us to provide the most suitable answers to our questions. In fact, the main 
stumbling block in the way archaeologists deal with radiocarbon dates does not relate to 
radiocarbon dating itself, but to the interpretation of the results. 
The backbone of this work has been the collection into the EUBAR database of 14C 
dated archaeological contexts between the Ebro and the Danube River for the time span 
1800-750 BC and the organization of this large amount of data in a homogeneous and 
coherent structure developed by the author. Making available to the archaeological 
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community such a large set of radiocarbon dates together with archaeological 
information allow other researchers to test models proposed in this thesis and to produce 
others which might be better also with future additional high quality radiocarbon dates. 
Statistical tools to analyze radiocarbon estimates are varied; in this work we managed to 
present the most used ones like: Bayesian modeling, summed calibrated probability 
distributions (SCPDs), analysis of frequency with histograms, data interpolation with 
kriging, etc. 
In particular, we have shown that each technique is closely linked to a specific question 
and it is functional to it. It follows that the main point is the question we want to answer 
and the hypothesis we need to test and to validate. 
 
 
10.3 Testing the temporality of archaeological periods 
 
According to the proposed framework in chapter 6 we have proposed a new 
chronological model based on Bayesian statistical analysis of 14C dates from reliable 
archaeological contexts in Northern Italy and Southern France. For the North-East of 
Iberian Peninsula we have not been able to produce a reliable chronological model, this 
is mainly due to problems and errors relating to the traditional description of the 
material culture. 
Trough the critical analysis of each sample concerning the stratigraphic and contextual 
information, we have given priority to selected archaeological contexts preferring 
quality instead of quantity. 
Although the number of reliable dates for macro scale research remains low it has been 
possible to develop four different models with the software OxCal4.2 (Bronk Ramsey 
2009a), two contiguous ones and two sequential ones. 
Focusing on descriptive statistics our results have shown that the radiocarbon 
chronology of Northern Italy should be slightly higher than the conventional one, whilst 
that one of Southern France is confirmed by obtained models although a higher 
beginning of the Middle Bronze Age has been detected. In our model the transition from 
the Bronze Ancien to the Bronze Moyen phases in Southern France is located in the 
range 1707-1603 BC for the 1σ probability and 1777-1568 BC for the 2σ. 
In both cases the results claim the absolute necessity of an increase in the amount of 
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radiocarbon dates from selected archaeological contexts. 
Through Bayesian modeling we have wanted to show that most of the disagreement 
between the different chronological frames was due to the low quality of the contexts 
and their associated dates. Our methodology, based on objective and independent 
parameter than the agreement of the date with our scheme, shows the importance of 
dating only good contexts in order to reduce the noise in the chronologies. In the future 
we hope that this work will set some rules for field work in relation to radiocarbon 
dating. Certainly improvement will come. We do not think that this is the final word, but 
we think that we have made some clarity in the subject. 
 
 
10.4 Interpreting the spatio-temporal frequency of radiocarbon dated 
archaeological contexts 
 
In chapter 7 and 8 we have focused on the study of frequency of radiocarbon dates, both 
through summed calibrated probability distributions (SCPDs) and histograms of 
medians. 
Although the techniques are the same, they have been applied to test different 
hypotheses. 
In Chapter 7 we have used radiocarbon dates as a proxy for detecting episodes of 
change and hiatuses in the demographic intensity between the Ebro and the Danube 
River for the time span 1800-800 BC. We chose to use 800 BC as the last term due to 
problems of calibration originated by the “Hallsttat plateau”. 
Traditionally Late Bronze Age is characterized by a phenomenon of demographic 
growth on a macro-scale, the result of these increase would be the diffusion over a 
macro scale of Urnfield culture. According to a wider perspective, reaction-diffusion 
models that analyze the spread of people over space and across time assume the 
existence of a logistic demographic growth. One or more episodes of population 
increase would have been the primary cause that made people spread. 
Using data included in the EUBAR database we have produced different SCPDs in 
order to test such a hypothesis. First we have analyzed the whole dataset with only a 
preliminary sample prescreening, then we have filtered our data adopting more 
restricted criteria, like combining multi-dated contexts and modeling separately dates 
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originating from settlements from those of funerary contexts. Our results agree in 
suggesting population stationarity during the time span 1800-800 BC between the 
Danube and the Ebro River. The presence of a long-term curvilinear positive trend 
shown by our SCPDs is a hallmark of many long-term radiocarbon frequency 
distributions (e.g., Kuzmin & Keates 2005; Bryson et al. 2006; Peros et al. 2010). It can 
be generated by a systematic taphonomic bias since (as may often be the case) the 
probability of archaeological site survival is negatively correlated with the age of the 
site (Surovell & Brantingham 2007). Moreover, small peaks observed in SCPDs are an 
effect of the calibration processes and therefore should not be interpreted as episodes of 
higher demographic intensity. To test a null hypothesis of no relationship between the 
observed SCPD and the effects of that particular section of the calibration curve we 
have simulated a set of radiocarbon dates with no chronological variation. The result has 
strengthened our assumption as peaks in the observed distribution exactly coincide with 
irregularities in the calibration curve around 1500 and 800 BC. 
On the contrary, adopting a regional scale we can detect different patterns in different 
regions. It implies that continuities and discontinuities express locally with 
circumscribed episodes of crisis and demographic expansion. 
In spite of the absence of population growth, in chapter 8 we have highlighted the 
existence of phenomena of growth in the temporal adoption of innovations, like 
cremation burials, fluted pottery, vases with handles with vertical expansion and metal 
knives. Using the same methodology adopted in chapter 7, i.e. SCPDs, we have focused 
on the phenomena of adoption of innovation which took place in the 2nd millennium BC 
in the area under study. Theory about adoption of innovation has been usually 
introduced by fields different from archaeology (Bass 1969; Casetti 1969; Olshavsky 
1980; Mahajan & Peterson 1985; Banks 1994; Nieto et al. 1998; Rogers 2003; Rogers et 
al. 2005; Young 2009; Shinoara 2012; Kucharavy & De Guio 2011). Our aim has been 
to apply such a methodology to our case study. 
The first phenomenon we have analyzed related to the religious and ritual world: it is 
the adoption of cremation funerary rite in the 2nd millennium BC. We have compared 
the temporal distribution of cremation burials with that one of inhumation burials. Both 
through SCPDs and histograms of median the results point that in the time span 1800-
800 BC the adoption of cremation burial and the practice of inhumation rite are two 
different phenomena whose temporal distributions can be clearly distinguished. We 
have been able to fix on a macro scale the transition between the two phenomena at 
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around 1220 BC. 
It follows that the lesser people were inhumated, the more people were cremated. It 
implies that the smaller the number of people practicing the inhumation rite, the higher 
the number of adopters of the cremation rite. In addition, we have observed that locally 
the introduction of cremation burials is characterized by different pattern in different 
regions. Such a result stresses the possibility of an expansive phenomenon in order to 
describe the spatio-temporal diffusion of the new funerary rite. Hence, in chapter 9 we 
have tested such a hypothesis. 
Selecting the first occurrence of the phenomenon and interpolating the medians of 
calibrated radiocarbon dates we have been able to detect a clear space-time gradient. 
The results stress that the adoption of cremation rite in the 2nd millennium BC was not a 
random process, but followed a specific pattern. Our data suggest that it took place 
before in the Western Alpine area and in the Swiss Plateau around 1400 BC and from 
there it spread towards southern and south-western territories, where the occurrence of 
cremation burials took place in later phases according to the distance from the origin. 
Northeastern Iberian Peninsula and Central Italy appear to be areas where the 
transformation took place nearly 500 years later, including also the possible adoption of 
cremations without urn. 
If we add to the model typologically dated cremation burials the area with oldest 
presences enlarges including part of the Po Valley in Northern Italy. For the model with 
only 14C-dated cremation burials we have been able to calculate a spreading movement 
of 0.6-1 km/year; such a value is characteristic both of demic diffusion and cultural 
transmission hypotheses. 
Regarding the adoption of cremation burial in the North-East of Iberian Peninsula we 
have detected two different patterns. The first one is placed along the Mediterranean 
facade, where oldest cremation burials are located close to the coast, therefore 
suggesting a possible maritime penetration. From this area the phenomenon would have 
expanded to the inner territories perhaps along the Ebro Valley. The second pattern is in 
the Atlantic facade, where the adoption of cremation took place slightly later in time. It 
is relevant to observe that these differences are in agreement with archaeological data 
which refers of an Atlantic Bronze Age culture, where cremation burials were mainly 
attested under cromlech structures and a Catalan Mediterranean facade where cremation 
burials were mainly in urn and characterized by strong influences from the Trans-
Pyrenean region of Languedoc-Roussillon. 
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In this thesis we do not have modeled just one expansive process, but we have gone 
further managing to analyze the spatio-temporal distribution of other variables. 
Among them vases with handle with vertical expansion are an innovation introduced in 
North Italian archaeological contexts during last phases of early Bronze Age and the 
Middle Bronze Age. Such a hypothesis has been confirmed by the spatial distribution of 
such a variable which showed a peak around 1600 BC and a decrease in the number of 
adopters in more recent phases. Nevertheless, in spite of such a decrease we have been 
able to model a phenomenon of expansion from the Po valley towards the North-East of 
Iberian Peninsula. The existence of a regular east to west space-time gradient is a signal 
of a specific directivity in the adoption of this pottery typology between the Po Valley 
and the Catalan area. Moreover, our data suggest that the penetration in the Iberian 
Peninsula took place through Trans-Pyrenean movements and not along the 
Mediterranean coast. In the future new radiocarbon dates from reliable archaeological 
contexts could strengthen this hypothesis or propose some new one. 
A shared patrimony of pottery decoration and shapes characterizes European Late 
Bronze Age as an effect of the process of cultural standardization. Fluted pottery is one 
them as it is characterized by a macro scale spatial distribution. The analysis of 14C-
dated archaeological contexts from the Ebro to the Danube River has shown that the 
typology is attested with slightly different chronologies in different geographic areas. It 
is interesting to note that close regions have similar pattern for the temporal distribution 
of fluted pottery, as an effect of the Tobler’s law according to which spatial proximity 
influences the process of adoption. It has been observed that the adoption of fluted 
pottery took place before in some regions, like in Northern Italy, and in a later phase in 
others, for instance in the Iberian Peninsula where fluted pottery is characterized by a 
more recent chronology. Nevertheless, we have not been able to detect a clear space-
time gradient in our data, which implies that we cannot adopt a simple “wave of 
advance” explanation in order to describe the space-time diffusion of this pottery 
typology. 
In this work we have also drawn the attention on the description of these processes of 
adoption of innovation through the analysis of the statistical properties of their temporal 
distribution between 1800 and 800 BC. Specifically, we have fitted our data to a 
generalized logistic curve, which is commonly adopted for describing processes of 
adoption of innovation. The results have showed that not all the variables spread at the 
same speed. The process of adoption of cremation rite was slow in the first phases and 
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then it increases the rate reaching almost an exponential growth at least till 800 BC. On 
the contrary for artifacts like fluted pottery and metal knives our data have suggested a 
faster rate of adoption since the first phases, which implies that the innovation spread 
fast among people and was accepted by new adopters according to a linear trend. 
 
 
10.5 Adoption of innovations and diffusion in Europe between 1800 
and 750 BC 
 
In the light of obtained results we can stress that we have been able to describe 
phenomena of adoption of innovations and diffusion in Protohistoric Europe. Through 
the analysis of radiocarbon dated archaeological contexts we have quantified flows, 
which could be referred to people, ideas and objects, between the Ebro and the Danube 
River in the 2nd and at the beginning of the 1st millennium BC. In this thesis we have 
focused in the descriptive statistics of such phenomena, which characterize Bronze Age 
complexity. In the future we could investigate why these phenomena took place. 
In this framework, during the last months of developing of this work we have begun to 
study the possibility of distinguishing the temporally dependent but non-spatially 
dependent diffusion processes, where spatial proximity is not influencing the behavior 
of the diffusion because absolute location is not as important as relative position (a 
topological measurement). According to this idea, social groups can exist as personal 
and direct social ties that either link individuals who share values and belief or create 
impersonal, formal, and instrumental social links. In fact, spatially dependent processes 
do not explain in full the adoption of innovations because they are incapable of 
capturing individuals’ motivations, or lack thereof, toward adopting an innovation. Such 
a model would presume that each individual who comes into contact with the 
innovation would automatically become an adopter. Although such an assumption is 
suitable for modeling phenomena such as the spread of diseases, a realistic model of 
innovation diffusion should somehow include factors related to cognition. It is 
important to realize that space and time are properties of the location of social acts, but 
they are not a cause in itself.  It is a matter of basic methodological knowledge that the 
observation of two factual occurrences at two different but near points in space or time 
does not constitute a sufficient condition for the establishment of a causal relationship. 
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If X accepted innovation A around 1200 BC and a spatially neighbor group Y accepted 
the same innovation a “short” time later (for instance, less than 200 years after), a 
conclusion that Y's decision was a consequence of X's decision is a logical fallacy 
(Lindbladh et al. 1997). Two things that are spatially associated may be involved in a 
diffusion mechanism or there may be other hidden variables that cause the change 
through space and time. Spatio-temporal association does not necessarily imply 
causality, whereas adoption implies causality (Franzese & Hays 2006). In any case, 
although spatio-temporal dependence is not causality, it provides evidence of causality 
that can (and should) be assessed in light of theory and/or other evidence. Spatio-
temporal heterogeneity is not just a parameter drift to be corrected: it is information 
bearing since it reveals both the intensity and pattern of change. 
In the first chapters of this thesis we have presented the most diffused hypotheses 
regarding expansive phenomena in the 2nd and in the 1st millennium BC. 
In the light of results produced by geostatistical modeling of collected data we can 
evaluate which ones are in agreement. 
The first one is related to the demographic growth, as a basic condition for people 
movements. Radiocarbon evidence shows that this criterion is not accomplished for the 
period 1800-800 BC between the Ebro and the Danube River. 
We have only detected a slightly positive trend analyzing 14C-dates from settlement. 
Nevertheless, such an increase is not significant as it could be partially a result of the 
already mentioned taphonomic bias. Therefore we could stress that our data suggest a 
long-tem stationarity, which is in conflict with the traditional phenomena of population 
growth that should have characterized the LBA (Kristiansen 1998b; Zimmerman 2009, 
2012). Such a demographic growth was interpreted as cause and an effect of the spread 
of Urnfield culture over a macro-scale in European territories.  On the contrary our 
results highlight that on the one hand we do not have relevant episodes on change in the 
demographic intensity, which implies continuity on a macro-scale for the period 1800-
800 BC, on the other hand we can clearly detect a growth in the adoption of the new 
funerary ritual characterized by the cremation of bodies. It is meaningful to stress that 
the increase toward the Iron Age in the probability of recovering cremation burials has 
to be interpreted as a growth in the number of adopters of the new funerary rite and not 
as a growth in the total amount of people that could hypothetically be adopters of the 
cremation rite. 
Moreover, the statistical analysis of our data has suggested the existence of an 
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expansive phenomenon for explaining the diffusion of cremation burials. Such an 
expansive process is associated with absence of population growth as argued before. 
This result is clearly in contradiction with the traditional “wave of advance” model that 
regards population logistic growth as a fundamental cause for explaining a process of 
demic diffusion. In our case such an assumption is not valid. It is relevant to argue that 
reaction-diffusion models were mainly applied to model prehistoric societies, like the 
Paleolithic and Neolithic ones. The level of complexity reached during Bronze Age and 
Iron Age transition implies that the “wave of advance” model is too simplistic to explain 
phenomena modeled in this thesis. We do not have only people movements; we have 
also circulation of objects, materials and above all ideas, which follow new rules 
different from one period to the other. The causes of studied flows of people, objects 
and ideas should be traced in the socio-cultural and economic structure of 2nd and 
beginning of 1st millennium BC society and not just in an episode of population growth. 
Regarding the directivity of these flows through the geostatistical treatment of 14C-dated 
data we have identified the existence of a general East to West pattern. This pattern has 
been confirmed not only for the diffusion of cremation burials but also for the pottery 
typologies likes vases with handles with vertical expansion. This result is partially in 
good agreement with the classical hypothesis for the diffusion of Urnfield culture which 
assumed a homogeneous East to West movement from the Danube-Carpathian regions 
to the North-East of Iberian Peninsula (Müller-Karpe 1959; Schauer 1975; Sperber 
1987; Falkestein 1997; Kristiansen 1998b). In fact, in our model the origin of this 
gradient is placed in the North-Western Alps. It also true that an East to West gradient 
has been detected between the Western boundaries of studied area, which corresponds to 
the Vienna basin and the neighboring Czech territory, and South-Western Germany. 
However, North-Western Alpine area and the Swiss Plateau represent a major nucleus in 
the process. This result highlights the fundamental role covered by the Rhin-Suisse-
France oriental (RSFO) groups (Brun 1984; Brun & Mordant 1989; De Mulder et al. 
2008) in the process of spread of cremation burials. 
The East to West gradient seems to be a major preferential flow of circulation. In fact 
such a gradient has been detected also for vases with handles with vertical expansion. In 
this second expansion we need to stress the importance of Terramare culture which 
represents a major archaeological group (Bernabò Brea et al. 1997; Bietti Sestieri 2010), 
whose evidences and effects, at least for the innovation introduced in pottery typologies 
and decorations, spread over an area much wider than its original territory. 
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As a conclusion for the period 1800-750 BC we can definitely exclude the existence of 
a West to East space-time gradient, like that one suggested as a possible hypothesis for 
the spread of Celtic people by Cunliffe and Koch (Cunliffe & Koch 2010; Koch & 
Cunliffe 2013). 
Regarding the concept of transition, as reported in Sørensen and Thomas (1989) “The 
transition is an expression of change”, we can conclude that in the analyzed time span 
we do not have detected just one transition. On the contrary, we are witnesses of 
episodes of introduction of new beliefs (the cremation rite), new fashions (expressed by 
new pottery typologies and decorations) and new tools (like metal knives). As an 
outcome, if we should choose a date to mark the major discontinuity which took place 
between the Danube and the Ebro River in the 2nd millennium BC due to its relevance 
we probably could take the  change in the funerary rite from inhumation to cremation at 
around 1220 BC. 
 
 
10.6 A suggested explanation of cultural standardization between 1200 
and 750 BC 
 
Our key theoretical assessment is to consider the emergence of ethnicity as a long-term 
process of group formation. Cultural standardization influences the updating of social 
identities and the possibilities of economic cooperation. We also consider this kind of 
standardization as a consequence of different forms of social interaction where cultural 
consensus may emerge. In this scenario aggregation of human groups also emerges 
affecting social reproduction by increasing both similarity in the long run and intergroup 
affinity. 
We view the emerging complex of Urnfield culture as a process of reproducing identity 
from generation to generation. As a result, some people arrived to share some 
knowledge and some behaviors because they have learnt from the same people. 
However, what is learnt at birth and during childhood is progressively modified during 
life when interacting with other people with different knowledge, behaviors and 
believes. Social reproduction does not take place in an empty social world, but it should 
be built in the present through the social and political selection of prospective partners. 
What will be transmitted to the new generation is then different to what was learnt by 
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the individual, because: 
• We change what we have learnt once inherited knowledge proves to be not 
useful or prone to contradictions. 
• What we have learnt at childhood is usually a central tendency of what believed 
both parents. Given that the process of mating and selecting reproductive partner 
is socially and politically minded, the cultural consensus to be transmitted 
depends on the way such cultural consensus is built at the level of the 
reproductive unit, and hence on the social and political origins of the 
reproductive unit itself (“family”). 
 
Both mechanisms are constructively contradictory. That is, ethnogenesis and identity 
formation emerge as result of the contradiction between social inertia (knowledge 
inheritance) and cultural consensus built during cooperation and labor exchange. 
The key of our perspective is that any shared traits among social groups, their behavior, 
their beliefs, and their language, the products of their work and/or the material or 
immaterial results of their actions should be contingent to the social interaction process 
that generated those traits. In so saying, we follow a constructive approach to 
“ethnicity” and the study of cultural diversity. That means that the way Bronze Age 
people took economic, social and political decisions is what configured people 
clustering at different scales. In other words, the question is “why groups of people are 
the way they are” in terms of how they acted within a social aggregate their previous 
activity contributed to build. The complex interplay of social actions, people and the 
consequences of their actions explain the degree of cultural consensus and 
standardization by showing how social aggregation fit into a causal structure, that is to 
say, a vast network of interacting actions and entities, where a change in a property of an 
entity dialectically produces a change in a property of another entity. 
Cultural standardization at the end of Late Bronze Age was probably the result in a 
change in the way social agents interacted in their economic and political activities. We 
assume that produced subsistence was dependent on local conditions of soil quality, 
water availability, etc., whose effects should be compensated using technology, which 
vary from agent to agent, and between time-steps, or increasing the quantity of labor. 
When subsistence production was insufficient because of local conditions, agents 
should ask other agents to share part of their surplus or some quantities of technology or 
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even labor. Furthermore, technology loses its efficiency at each cycle, so it should be 
substituted from time to time. We assume that the only way to renovate technology is 
through exchange or robbery.  
As any other society, Late Bronze Age communities were constituted by            
individuals connected to one another by overlapping arrays of social ties that together 
constitute a social network. Social interaction, and hence, the flow of people, goods and 
ideas,  depended upon each agent’s network of interpersonal contact or his network of 
social communication and that the configuration of this network is primarily dependent 
on the presence of various social barriers which may have impeded, diverted and 
channeled communications. 
We hypothesize this change may be the result of the diffusion of a cultural standard. 
Standard is used here to refer to any individual elements incorporating specifications 
that feed the process of compatibility or cultural consensus. Consequently, instead of 
assuming that agents have common identity traits based on membership to an already 
existing “ethnic” group, agents may ask themselves as to the extent to which they 
“believe” they are similar to others in the neighborhood. The emergence of cultural 
consensus should be considered as a relevant property of a social system that enables 
social agents to “somehow go together” and makes them subject to a network effect. 
Agents use “cultural consensus” as an active standardization process to increase the 
probabilities of interacting with a communication partner. The theoretical bottom-line 
argument for standardization cultural processes is that the discrepancy between 
individual (at the level of the regions) and collective (at the level of the complete 
geographical area, network wide) gains leads to coordination problems. We could test 
whether social benefits of creating consensus (increasing the probability for exchange 
and decreasing the probability for conflict and robbery) are evolutionary sufficient for 
the diffusion of cultural standards. While the increased cultural similarity can lead to 
direct savings due to faster, more frequent and predictable communication, cultural 
consensus  may also induce more strategic benefits: avoiding conflict and increasing the 
flow of goods, objects, materials and labor among culturally similar agents. 
According to our hypothesis of cultural transmission and social identities building, 
asking for help in the particular economic, technological, social and political conditions 
of Late Bronze Age, from the Alps to the Mediterranean was mediated by the actual 
identity similarity and weighted by cost-distance. Cultural identity was in constant 
renegotiation and updating because agents calculated the percentage of consensus 
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needed, depending on how much they need food or tools from others to survive. The 
more at risk they found themselves, the less tolerant to the others difference.  
Agents survive thanks to the production of food, for which they need labor and 
technology. If they cannot survive, they also have the option of either asking for 
exchange or steal what others have accumulated, depending on the degree of cultural 
similarity. In both cases, food and tools travelling from agent to agent are negatively 
weighted in terms of cost-distances.  
The theoretical bottom-line argument for considering the advantages of cultural 
homogenization lie in the assumption that the discrepancy between individual and 
collective gains leads to coordination problems. Increased cultural similarity can lead to 
direct savings due to faster, more frequent and predictable communication. Cultural 
consensus may also induce more strategic benefits, such as avoiding conflict and 
increasing the flow of goods and labor among culturally similar agents. 
This is a global and theoretical model of the emergence of cultural standardization.   
 
 
10.7 A computer model of Bronze Age diffusion and adoption of 
innovations 
 
To understand what happened at this moment of European History we propose a 
computer simulation model defining agents as regions. 
With Agent Based Modeling (ABM) we can create artificial societies based on 
archaeological data, observe how the agents interact in a virtual environment, analyze 
the parameters that affect the outcome of the simulation and then we can validate the 
result with real data (Epstein & Axtell 1996; Gilbert & Abbott 2005; Epstein 2006; 
Miller & Page 2007). This methodology is considered innovative and challenging for 
our discipline, whose aim is to understand human action in the past, which is by 
definition non-observable (Barceló 2009). A computer simulation should allow us to 
understand why a specific pattern of spatio-temporal dependence emerged when 
comparing the different cultural elements adopted and used by different groups of 
people during Bronze Age. For this sort of task, we, as programmers, should know and 
define what input conditions generate an increase in the probability of occurrence a 
change. Beyond a simple addition of individual random decisions, simulated social 
activity should be defined in terms of dispositions or capacities within a system of 
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subjects, intentions, activities, actions and operations, some of them rational, others 
clearly indeterminate, impulsive or unconscious. 
The starting point of the explanation of social systems by means of computer simulation 
is not the simulation of one particular system; in fact, the main purpose is to analyze 
social dynamics as a complex social system and hence to try to quantify the possible 
outcomes emerged from the different experiments preset on a computer platform 
(Gilbert & Conte 1995; Gilbert & Troitzsch 2005; Axelrod 1997; Axelrod & Cohen 
2001). 
The model architecture is based on 20 agents, which correspond to 20 different regions 
(Fig. 124). Each region constitutes a buffer zone around one agent and it has been 
calculated using Thiessen polygons. Each one defines an area of influence around the 
agent. 
 
 
Fig. 124 – Map showing 14C dated archaeological sites included in the EUBAR database (in green), 20 
agents (in red) corresponding to 20 different geographic regions (in yellow) identified with Thiessen 
polygons (Software: ESRI 2011. ArcGIS Desktop: Release 10. Redlands, CA: Environmental Systems 
Research Institute). 
 
In the computer model, agents are defined in terms of their population, that is, the 
number of unit labor, cultural identity and the number of tools they have at each time 
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step. Additional attributes and parameters are the amount of produced food, the surplus 
of food the agent can accumulate and the survival threshold, which depends on the 
number of labor units within the agent. Cultural identity has been defined in strict 
archaeological terms. It is a binary vector coding the presence/absence of idiosyncratic 
artifact types (Barceló et al. 2013; Del Castillo et al. 2014). 
In this model each region is connected to other through cost-weighted distances, in such 
a way that there are no possibilities of random connection between them. Distances 
based in cost-weighted models try to define the least costly path to reach each known 
point using the path with least accumulated travel cost (Fig.125). 
 
Fig. 125 – Cost weighted distances among the 20 agents represented in Fig. 124. 
 
In the model agents are characterized by the following attributes: 
• LABOR UNITS (li): (a Poisson distributed parameter counting the 
aggregated quantity of labor from all groups). 
• SURVIVAL THRESHOLD (ēi): Given that the survival of agents 
depends on the amount of food, a survival threshold should be calculated 
in terms of the quantity of calories all agents included in an agent that 
represents a regional group of local groups need to be able to live a 
season long (six months). 
• IDENTITY: A vector. 
• TECHNOLOGY (βi): A parameter representing the aggregated 
efficiency of labor obtained when increasing the number of manufactured 
tools). It starts at 1 (lack of tools) and has not an upper maximum. 
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• ENERGY (ei): Produced food, expressed in kilocalories. 
• SURPLUS (si): The difference between energy produced and energy 
consumed. It is stored for later use. 
 
In this simulation, SURVIVAL THRESHOLD and LABOR are fixed for all the 
simulation, although not any agent has the same values. The number of Labor units in 
an agent (“region”) may vary from 100 to 1000 units. They are randomly assigned at 
start up.  Survival threshold is a multiple of the number of labor units, assuming an 
individual needs an average of 730 kilocalories per year (2000 calories per day), and 
one time step (cycle or “tick”) in the simulation roughly represents what an agent is able 
to do in six months, ēi = (365* li) (Barceló et. al 2012). 
Regarding the concept of identity we establish group identity in terms of perceived 
similarities in social activity. Our agents have an “identity”, modeled somewhat 
following Axelrod cultural vectors (Axelrod 1984). It is important to take into account, 
nevertheless, that such identity vectors are not a surrogate of “culture”, as in the 
classical Axelrod model. Culture is best understood as the expected variance of social 
activities between groups. Then it is not a list of attributes, but a measure of similarity. 
When similarity increases, cultural consensus emerges. 
Values are inherited from parents at birth and they can be later modified when the agent 
integrates a social aggregation with other agents. In principle, such an identity vector 
can be perceived by all other agents, who interpret the social personality and group 
membership of agents which they interact in the present based on it. Different situations 
can be imagined where all or only a part of this identity vector is accessible to agents 
out of the group. That is, in many cases, agents are only partially aware of what 
identifies the “other”. Cultural consensus does not exist as an explicit set of values, but 
should be built at each run time when agents with different identities agree to cooperate. 
It is then a process rather than a “label” or a set of values. It is the process of identity 
modification in terms of the statistical mode of identities of all agents that interact. 
That is, our agents have a list of features represented by each agent’s culture vector, that 
condition the way the agents interact, identify and cooperate with the other agents 
generating and defining different group identities in terms of the material culture their 
behavior generates.  It is what each agent knows about the others, and has been 
represented as a list of features. 
In the proposed ABM, simulation uses the following external parameters, which have to 
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should be initiated at start-up (Barceló et al. 2010): 
 
• INTERNAL CHANGE RATE (IRC). This is a random value (from 0 to 1, 
usually very small) defined in analogy to the probabilities of internal change 
(invention, mutation, catastrophe, sudden change). 
• DEMOGRAPHIC VARIABILITY: A Poisson distribution of the number of 
labor units within each agent. 
• LOCAL DIFFICULTY FOR PRODUCING FOOD (hi): It is a Poisson 
distributed parameter counting the quality of soil and the availability of water 
and temperature at each time-step: the poorer quality of soils and the scarcer is 
water. This parameter is initiated at start up (a random number following a 
Poisson distribution whose λ is a free parameter selected by the user at the 
beginning of the simulation), and changes every time-step, in such a way that at 
odd cycles (warm season) it is the half that at regular cycles (cold season). 
• NUMBER OF NEW TOOLS CREATED AT THE END OF A GIVEN CYCLE: 
A user selected number of agents, from specific locations (for instance, mining 
regions) produce a constant number of new tools at the end of each cycle. 
In the simulation, virtual agents survive when they produce, exchange or steal enough 
food. They can be involved in three kinds of economic activities: agriculture-herding, 
exchange and robbery. Because agriculture is more productive and predictable, it is 
supposed to have increasing returns. Survival is also affected by diminishing marginal 
returns relative to the local difficulty to produce food (quality of soils, temperature and 
pluviometric variation, etc.) and the availability of labor and instruments. Agents should 
take the decision whether to ask for food or additional number of tools to culturally 
similar agents or steal food and tools by culturally different agents. Agents decide to 
exchange when they find themselves in a circumstance where they have not obtained 
enough resources for survival. To decide if an agent exchanges with another, we 
programmed each one observing the immediate neighborhood and evaluating their 
respective identities to know if they are “sufficiently” common. Each agent has its own 
IDENTITY, inherited at birth, learnt within the evolving group, modified all along the 
life of the agent and transmitted to the new generation.   
We have not included demographic mechanisms in this simulation, because we are 
working at a very high scale, where the unit of analysis (the region) is assumed to have 
 been constant over long periods of time. The effects of exchange and conflict on cultural 
homogeneity are the core of the simulation
introducing new funerary practices and the 
Fig. 126 - Process overview of the proposed ABM, sequence of operations.
 
The process overview is integrated by different agent’s activities
the first process in the agent schedule at the beginning of a new time
a surplus from previous productive acts, and they produce food. Food produced and not 
consumed at the present time
experiment a reduction due to its constant use, in such a way that every two cycles, the 
number is reduced to a half. Tools can only be obtained through exchange or robbery.
When an agent needs food or tools and some degree of cultural consensus already exists 
between agents in this area (although they may be very far away), the decision whether 
exchange or not is taken according a variation of the Prisoner’s Dilemma. If an 
exchange is decided, the half of the actual value of surplus or the half of the non
necessary tools is transmitted. The agent in need receives these quantities from all 
agents in the environment with a similarity in identity higher than a similarity threshold. 
The received quantities of food and tools are weighted negatively by the cost
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separating them.  
There are increasing returns to exchanges, i.e. agents have more chances of survival 
when helping others because if they help at this moment they will be helped later when 
they are in need. Production of food is also affected by diminishing marginal returns 
relative to the variations in the local difficulty of producing food and the effects of 
robbery (Barceló et al. 2012). 
One agent steals another if 1) it is in need of food or tools, 2) they have appropriately 
dissimilar identities, that is to say, if some existing cultural consensus is below a critical 
threshold. Consequently, the current value of each agent identity vector influences the 
probabilities of cooperating or conflict within the current time-step. When exchange is 
successful, the current value of the identity vector changes adaptively to fit the newly 
built cultural consensus. That is to say, to decide if people in a region cooperated with 
people from another region without moving, we imagine each one observing the 
immediate neighborhood and evaluating the identity of other people in it. If their 
respective identities are “sufficiently” common, they decide to cooperate, and the 
probability of success in survival increases. If identities are too different, people do not 
cooperate there is a growing probability that they can enter in conflict stealing what they 
have produced and accumulated so far. 
 “Identity” is socially built by agents through a local imitation process.  It evolves, 
changes and adapts to fit local features at the current time step. There are two main 
mechanisms for identity change. 
1. Internal change, supposed to be random at the scale of a population. 
2. Adaptive, trying to fit individual identity to collective identity if there is an 
economic advantage. 
It is important to take into account that a cycle of the simulation, implies a six-month 
period, that is, a season. Food production gives different results owing to seasonal 
climatic variability. 
In our model, the number of tools experiments a reduction due to its constant use, in 
such a way that every two cycles, the number is reduced to a half. Tools can only be 
obtained through exchange or robbery. However, a user selected number of agents, from 
specific locations have the chance to produce a constant number of new tools at the end 
of each cycle. Both the number of new tools and the agents that reproduce tools on their 
own (simulating regions which are rich on metal ores) are external parameters that can 
be selected by the user to experiment with different scenarios. 
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This is the architecture of the proposed model for diffusion processes and phenomena of 
adoption of innovation which took place in European Bronze Age. Eventually, it is 
meaningful to remember that models do not represent reality but rather our 
understanding of reality (Dürrwächter 2009). Hence, the results presented in this work 
are fundamental not only to construct the architecture of the model but also to validate 
it. 
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